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mechanical, industrial engineers/ and other engineering occupations), 
-and technicians (engineering technicians, computer programmers, and 
science technicians) ^ Employment by industry is considered in section 
2, focusing on durable-goods industries, nondurable-goods. industries, 
technological intensity and SET employment growth, and industrial 
detail of high-technology. An evaluation of the importance of 
staffing pattern changes in explaining the movement of SteT employment^ 
within manufacturing industries is provided in section 3. Technical 
notes on the syrvey and* detailed statistical tables are 'provided in 
appendices. (JN) 



******************************* ******** ************* ***********^******* 

* Reproductions supplied by EDRS are the best that dan be^itfade * 

* / from the original document. 
*************************** **************** ******* ********rtr************ 



oo 



UX DCWUmtffcNT OF EDUCATION 
NATIONAL INSTITUTE OF EDUCATION 

ZATIONAL RESOURCES INFORMATION * 
CENTER (ERIC) 
I document has been reproduced « 
received frorn the person or organization 
originating it' 
U Minor changes have been made to improve 
reproduction quality 

• Points of view or opinions stated in this docu 
ment do not necessarily represent official NIE 
position or policy 



changing employment 
patterns of scientists, 
engineers, and 
technicians in 
manufacturing 
industries: 

1977-80 



related publications 



/ 



Resouri 



Science Resources Studies Highlights 



' NSFNd. Price 



S/E Personnel 

'Labor Market Slackens for New 
Science and Engineering 
Graduates* 

Labor Markets for New Science 
and Engineering Graduates in 
Private Industry" 

"Manufacturing Industries With 
'"High Concentrations of Scientists 
and Engineers Lead in 1965-77 
Employment Growth'' 



82-330 



•82-310 



79-307 



> 



Detailed Statistical Tables 

NSF No. Price 

S/E Personnel 4 

Scientists, Engineers, and Technicians 

in Private Industry: ^980 , 81-329 

Employment of Scientists, Engineers, 

and Technicians in Manufacturing 

Industries: 1977 . 80-306 

Reports 
S/E Personnel 

Scientists, Engineers, and, Technicians ^ * 

in Private Industry, 1978-80 80-320 ^ 



Availability of Publications 

Those publications marked with a price should be obtained directly from the Superintendent of 
Documents, U.S. Government Printing Office, Washington, D.C. 20402. Where no price is listed, 
single copies may be obtained gratis from the National Science Foundation, Washington, D.C 20550. 



9 

ERIC 



(See inside back cover for Other Science Resources Publications.) 

r 



3 



foreword 



Science, engineering, and'technician personnel are essential for the achievement of 
high levels of economic growth, technological advancement, and national security. In 
recognition of the vital role played by this resource and to gain a better understanding 
of the world around us, the National Science Foundation collects a wide variety of data 
on the employment, training, supply, and demographic characteristics of such per- 
sonnel for us* by Government, industry, educators, and the general public. 

A major part of this data collection effort has been the development of detailed 
employment statistics for scientists, engineers, and technicians in private industry, a 
sector which employs 4,5 percent of our Nation's scientists and almost 80 percent of 
its engineers. In recent years, declining productivity and increased product competi- 
tion from foreign countries have both served to focus attention on the, strengthening of 
our industrial base. 1 

Growth in the demand for science, engineering, and technician 'personnel by private 
industry in the face of potential shortfalls in supply is a continuing concern, especially 
in high demand fields such as cdmputer science and engineering. An understanding of 
variations in the utilization of scientists, engineers, and technicians in response to shifts 
/ in industrial composition within the economy and staffing patterns within industries is 
essential. Such information provides a foundation' for projecting future occupational 
requirements. These requirements, in turn, influence the decision processes of policy- 
makers and employers in anticipating skill shortages and of educators and individuals 
in career planning. 

♦ This report presents the' findings of an employment' study based on'data from the' 
Occupational Employment Statistics surveys of thejnanufacturing secjtor conducted in 
1977 and 12§0. It. provides comprehensive estimates of science, engineering, and teeh* 
nician employment by detailed occupational field and industry for 1980, the -most 
recent year for which actual data are available. The report also represents the first 
application of these data for examining changes in the occupational demand for such 
personnel^ 
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introduction 



A major policy cpncern is whether there will be an adequate 
supply of scientists, engineers, and technicians to meet grow- 
ing demand in the years ahead. Shortages of skilled personnel, 
if they^occur, will reduce economic growth and jeopardize 
America s position with respect to highly competitive foreign 
producers. As a basis for analyzing the future balan.ce of supply 
and demand for skilled personnel, it is essential to monitor the 
level and character of science, engineering, and techni^tn 
(SET)'demand within majcjr employment sectors: private indus- 
try, academia, and Government. 

Private industry, which employs more than one-half of this 
country s science and engineering (S/E) work force, has been 
a focal point for analysis. A large part pf private industry's 
demand for skilled personnel is concentrated Within manufac- 
tunng^industries. In 1980, these industries employed less than 
30 percent of all workers in private industry, but provided jobs 
for 40 percent of the scientists, 60 percent of the engineers, 
and 45 percent of the S/E technicians. 1 
/^iVtamTfacturing industries have been undergoing a process 
pf adjustKfcent which has increased their importance in deter- 
mining future requirements for SET personnel. While failing to 
keep pace with the rapid employment growth experienced by 
f service industries, the past decade has shown manufacturing 
establishments to be.the dominant force behind the substantial 
empjoymentgains made in engineering and technician occupa- 
tions. 2 Evidence of the potential strength of this demand was 
apparent in employment data for the 3-year period analyzed in 
this report. Between 1977 and 1980, overall employment in 
these industries grew less than 3 percent. Despite this slow rate 
of growth, however,, the numbers of scientists, engineers, and 
technicians each increased, by roughly 20 percent. 

The increasing concentration of these personnel within 
manufacturing industries is the result of changes in product mix 
which favor SET-intensive, high-technology industries, as well 
as changes in the staffing requirements of older, more mature 



v industries. High-technology industries which manufacture 
computers, semiconductors, microprocessors, robots, and other 
state-of-the-art electronic equipment are expected to continue 
their rapid expansion in the years ahead, especially in light* of 
the planned defense buildup. In addition to their role in the 
production process, scientists, engineers,' and technicians are 
critical for the research and product development activities that 
are needed to ensure the competitiveness and growth of these 
industries, 3 ' 

On 'the other hand, mature industries, such as those manu- 
facturing steel and automotive products, are suffering the effects of 
falling output levels because of aging capital stock and declin- 
ing growth in productivity. Despite declining employment levels', * 
this report shows that the employment of scientists, engineers, 
and technicians in these industries has remain*ed stable, or even 
increased, Inchesting a change in staffing patterns favoring these 
skilled personnel* These changes are, in part, the result of the 
continuing effort by industry and Government to increase the 
productivity, efficiency, and competitiveness of older industries 
through incorporation of major technological innovations in the 
production process. 4 As the economic climate improves and the* 
rate of "^industrialization" increase s ,jjft[ demand for SET per- 
sonnel can be expected to increase. ^f?* 

This report^preserits an analysis of SET employment within 
manufacturing industries based on data from the 1977 arJcl 1980 

r Occupational Employment, Statistics (OES) survey. The pur- 
pose of the report is threefold. First, 1980 employment data are 
summarized for detailed SET occupations in manufacturing nv 
dustries in order to describe demand patterns, second, employ- 
ment changes are analyzed in order to identify the fastest 
growings occupational and industrial demand sectors, ftnall^r, 
the paper attempts to assess the relative importance of chang- 
ing industrial composition and staffing patterns as they deter- 
mined Variations in occupational demand within these industries 
between 1977 and 1980. . ' 



'National Science/oundation, Scientists. Engineers, and Technicians ui Private 
Industry 1980 (Detailed Statistical Tables) (NSF 81-320) (Washington. D.c(l981) pre- 
sents industry totals fur SET employment For national SET totals, see Yiatiooal 
Science foundation, L $ Scientists ond Engineers. 1980 (Detailed Statistical Tables) 
(NSF82-314J (Washington. D.C.. 1982). 

'Carol Qoyd Leon. Occupational Winners and Losers. Who They Were During 
1972.80.-- Monthly Labor Review. June 1982. v * 
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1 }erry Hagstrom, High-Tech Leaders Have Their Own Ideas of What Government 
Can Do For Them, and Tim Miller, The Coming job Crunch,'' National Journal, 
No. 20, May 15, 1982. 

'Nathaniel f. Mass and Peter M. Senge. Reindustnalizalion. Aiming for the Right 
Targets.'" Technology Review, Auffust/Septenrvber. 1981, 
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• Manufacturing industries are a major determinant of the 
level of SET employment. In 1980, they provided jobs for 
^,345,000 such workers who represented 40 .percent of the 
Nation s scientists, bO percent of its engineers, and 45 per- 
cent of S/E technicians. ' 

• Between 1977 and 1980, employment in each of the three** 
SET occupational categories grew by 20 percent despite slow 
growth in total industry employment. Strong growth in SET 
employment was generated by: (1) the relative employment 

£ gains of high-technology industries; (2) industry's emphasis 
to .increase productivity, quality, and competitiveness; and, 
(3) the diffusion of computer technology. 

• Over this period, changes in staffing patterns were more 
important than industry growth in determining the strength 
of SET employment demand within the sector. Changes in 

* staffing behavior accounted for 85 percent of the growth in 
science employment, and slightly more than two-thirdsN)f 
the employment growth in engineering and technician pro- 
fessions. 

/ 

• The majority of" SET employment growth was generated by 
high-technology industries. Industries with high concentra- 
tions of SET employment— machinery (except electrical^ 
electrical machinery, chemicals, transportation equipment/ 

\ and instruments— experienced average employment growth 
for' science occupations, but significant^ higher demand for 
engineering and technician personnel than reported in other 

manufacturing industries. 

t ' 

• in 1980, chemists and computer systems analysts constituted 
over three-quarters of the 145,000 science jobs injnanu- 
facturing industries. Jobs for chemists increased <?nly slightly 
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from 1977 to 1980. Employment of computer systems analysts 
v increased by over 40 percent, however, constituting the bulk 
of the growth in science employment. By 1980, computer 
systems analysts showed every indication of overtaking 
chemists as the largest science occupation in these indus- 
tries. Employment in life and other physical science occupa- 
tions increased moderately during this time, mathematical 
sciences occupations underwent the only employment decline. 

• In 1980, engineering employment in manufacturing indus- n 
tries was 606,000 with the majority of jobs concentrated in 
electrical/electronic, mechanical, ancLirtdus trial engineering 
specialties. Growth in the number of industrial engineering 
jobs accounted for most of the increase in engineering>em- 
ployment making it the fastest growing SET/'eccupatiDTw- 
According to professional societies, the strength of employ- 
ment demand for this occupation resulted from industry's 
preoccupation with productivity, quality improvement, and 
cost competitiveness, as well as the applicability of these jo£ 
skills to- all industries. 

• In 1980, there were about 594,000 S/E technicians employed- 
in manufacturing industries. Two-thirds of these^ersonnel 
were engineering support personnel, one-quarter was divided 
evenly between science technicians and computer programmers. 

• Among manufacturing industries, durable-goods industries 
provided over three-quarters of SET jobs. "These industries 
provided slightly less than qne-half the science jobs, but 
four-fifths of the jobs for engineers and technicians. Within 
the durable-goods industries, "most of the employment, as 
well as its growth, Was concentrated in three industries: 
machinery (except 'electrical), electrical macjpnery, and 
transportation equipment. 

vii 



section 1 . 



employment by occupation 



The employment ofscientists, engineers, and technicians in manufacturing indus- 
tries increased by 20 percent between 1977 and 1980-from 1,122,000 to 1,345,000. 
Increases in employment were comparable for the rriajor SET occupational categories, 
with the number of scientists in tKese industries increasing by 19 percent and the 
numbers of engineers and technicians each by 20 percent. The average annual growth 
rates in these occupations were 5.9 percent, 6.2 percent, and 6.3 percent, respectively. 
Growth in employment of these occupations comprised 44 percent of total employment 
growth in these industries. 



) 

i 

scientists 

In 'manufacturing industries, job oppor- 
tunities for both engineers and technicians 
outnumbered those for scientists by roughly 
4 to 1 In 1980, 145,000 scientists were 
employed in these industries, amounting 
to two-fifths of all employed scientists in 
the United States. j 

Jobs for scientists in manufacturing in- 
dustries were concentrated in two occu- 
pations, with chemists and computer sys- 
tems analysts representing three-quarters 
of the number of scientists employed in 
these industries (chart 1). Mathematical, 
life, and physical (excluding chemical) sci- 
entists made up, respectively, 5 percent, 
8 percent, and 6 percent of science em- 
ployment in these industries 

phemists 

Traditionally, chemists have constituted 
the largest science occupation employed 

er|c 
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in manufacturing industries. In. 1980, there 
were 57,000 chemists employed in these 
industries, comprising nearly two-fifths 
of its science employment (chart 2). In 
relation to the entire economy, this repre- 
sented almost one-third of employment 
in chemical science occupations. The em- 
ployment of chemists was concentrated in 
relativelyrfew manufacturing industries. 
Nearly three-fifths of the ^opportuni- 
ties for this occupation were provide^ by 
chemical goods-producing industries; Food 
and food products industries- employed IX 
percent of chemical scientists. The remain- 
ing chemists were scattered throughout 
the other industries (table 1), 

Between 1977 and 1980, the employ- 
ment of chemists grew by less than 5 per- 
cent, or about 1.5 percent per year (table 8). 
Demand for this occupation was moderate 
because of the concentration of chemists 
in nondurable manufacturing industries 
which underwent little employment growth. 

" ' 1 




Table 1— Chemists by major industry 
of employment: 1980 



Despite this low level of growth, manu- 
facturing industries accounted for the 
majority of the employment increase of 
chemists during this period, primarily 
because of their importance in the devel- 
opment of hew product lines and their 
input to the fields of energy, pollution 
control, and health care. 5 The, involvement 
of industrial chemists in R&D activities 
within manufacturing industries and the 
general increase in R&D funds available to 
industries which were major employers of 
chemists also increased demand for these 
personnel. 6 



computer systems 
analysts 

Individuals were classified as computer 
systems analysts if they performed jobs 
analyzing business, scientific, or technical 



'Department of Labor. Occupational Outlook Hand- 
book. 2982-83 Edition (Washington. D.C.. Supt. of Docu- 
ments. U S Government Printing Office. April 1982). 

•National Science Foundation. Research and Devel- 
opment tn Industry 1979 (Final Repurij (NSF 82-304j 
(Washington. D C. 1981). 
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Thou- 




Industry 


sands 


Percent 1 


Total, all industries , , , 


57 


100 

♦ 


Major industries 


< 44 


78' 




33 


58 


Food and food products . 


6 


11 


Rubber and 'plastic 








3 


5 




2 


4 


Other industries 


13 


22 



'Percentages may not correspond to employment levels be- 
cause of rounding . 

SOURCES Buraau of Lebor Statistics end National Science Foun- 
dation 



problems in the application of electronic 
data processing systems. In 1980, 53,000 
such personnel were employed in manu- 
facturing industries. This represented al- 
most two-fifths of total science employ- 
ment in these industries and comprised 
almost one-fifth of the economy's total 
employment in this occupation. 

More than 70 percent of computer sys- 
tems analysts employed in manufactur- 
ing industries were in establishments pro- 
ducing durable goods. Major industrial 
employers in the durable-goods industries 
included: Machinery (except electrical), 
22 percent, electrical machinery, 20 percent, 
and transportation equipment, 12 percent. 
The nondurable chemical-producing indus- 
try employed 11 percent of such personnel 
(table2). 

In the 3-year period between 1977 and ' 
1980, the number of computer systems 
analysts increased by almost 32 percent, 
at an annual rate of about 9.7 percent 
(table '8). This growth rate was larger than 
that anticipated by occupational analysts 
and represented 65 percent.of the increase 
in science employmenhwithin manufac- 
turing industries. 7 The rapid rise in the 
employment of computer Systems analysts 
resulted from the diffusion of computer 
technology in application to process, and 



7 The largest employment growth in the SET labor 
Force is occurring in computer-related occupations Their 
impact is discussed more thoroughly in Department of 
Labor. KmpJoymenf Trends tn Computer Occupations, 
Bulletin 2101 (Washington, D.C.. Supt. of Documents, 
US- Government Printing Office. October 1981) and 
Max L. Carey, Occupational Employment Growth 
Through 1990." Monthly Labor Review^ August 1981. 



quality control, business forecasting, and 
management information functions. Utili- 
zation of such personnel was facilitated 
by the interaction of two factors: First, 
strong demand was generated by rapid 
economic and employment growth in dur- 
able-goods industries, which formed the 
core of demand for this occupation; second, 
as microprocessing has been applied across 
a broad spectrum of manufacturing func- 
tions/ industrial staffing patterns "have 
shifted to include more of these workers. 
Developing technologies, such as robotics 
and computer-ass/isted design and manu- 
facturing (CAD/CAM), had already begun 
to increase demand for computer systems 
analysts in the late seventies. Employment 
growth in this pecupation was facilitated 
by the interdisciplinary supply of workers 
who were able to meet necessary job quali- 
fications. Employers have been able to fill 
positions for computer systems analysts 
with individuals trained, in other S/E dis- 
ciplines. For example, of the 21,000 com- 
puter scientists in 1980 who had received 
bachelor's and master's degrees in S/E 
fields two years earlier, only 40 percent 
had majored in computer science; among 
the remaining, 22 percent had majored in 
mathematics, 11 percent in engineering, 
and 9 percent in social sciences. 1 Despite 
this flexibility, by 1^31 industry vvas 
beginning to report shortages of such 



'National Science Foundation. Characteristics of 
Kecenl Science/Engineering Graduates 1980 (Detailed 
Statistical Tables) (NSF 82-313) (Washington. D.C..1982). 



Table 2— Computer systems analysts 
by major industry of employment: 
1980 





Thou- 




Industry 


sands 


Percent 1 


Total, all industries 


53 


100 




34 


65 


Machinery, except 








11 


22 




10 


. 20 


Transportation 








6. 


12 




6 


11 




19 


35 



Parcantagas may not correspond to amploymant lavtlt be- 
cause of rounding * / 

SOURCES 6uraau of Labor Statistics and National Scianca Foun- . 
dation 



personnel.* To the extent that such short- 
ages existed, reported employment growth 
in this occupation woufd have understated 
actual demand. 



other science 
occupatidns 

Only one-quarter of the scientists em- 
ployed in manufacturing industries worked 
in occupations other than chemistry and 
computer systems analysis. The two largest 
occupational categories of those remain- 
ing were life and mathematical scientists. 
- Life scientists numbered 11,000 in 1980, 
representing less than 8 percent of science 
employment in manufacturing industries. 
Comprised predominately of biological and 
medical scientists, life scientists were con- 
centrated almost exclusively in chemical 
and food processing industries. The data 
indicate some upward movement in the , 
employment or these scientists between 
1977 and 1980. This increase was more 
than likely in response to the growing 
interest in medical research and environ- 
mental issued. * 

Mathematical scientists numbered al- 
most 8,000 in 1980. Roughly two-thirds 
were employed in durable-goods manufac- 
turing, primarily in transportation equip- 
ment (aerospace), and electrical machine 
producing industries; most of the remain^ 
ing one-third of these scientists were em- 
ployed in nondurable industries producing 
chemical and printed products. Employ- 
ment in this" occupation declined within 
manufacturing industries between 1977 
and 1980 (table 8). While employment 
opportunities were limited in mathemat- 
ical occupations, this decline should not 
be interpreted as a reduction in demand 
, for individuals with such skilk Mathe- # 
matics has a broad range of applications 
and is a necessary skill for other occupa- 
tions including computer systems analysis, 
programming, market 'research, etc. This 
is clearly seen by analyzing data on 1978 
bachelor's- and masters-degree recipients 
who were in the labor market in 1980. Of 
the 12,700 individuals who received bach- 
eloVfi^nd master's degrees in mathematical 
science, only 17 percent were employed t 



•National Science Foundation. "Labor Markets for 
New Science and Engineering Graduates in Private 
Industry," Science Resources Studies Highlights (NSF 
82-310) (Washington. D.C . f une 9, 1982) 



as mathematicians or statisticians in 1980 
while 3t> percent were employed in com- 
puter science and 7 percent were' classi- 
fied as engineers. 10 



engineers 

, Private industry places more emphasis 
on the adaptation of technologies^ pro- 
duction processes than to more basic types 
of research. Thus, engineers, who are con- 
cerned with'the development of machines, 
instruments, materials, processes, and serv- 
ices, are more highly utilized by industry 
than scientists. Within private industry, 
manufacturing establishments generated 
almost 60 percent of the demand for such 
personnel in 1980 Economywide, manu- 
facturing industries represent virtually 
half of engineering demand. 11 

Sixty-eight percent of the 606,000 engi- 
neers employed in manufacturing industries 
were concentrated in three occupations: 
Electrical/electronic engineers, 26 percent; 
mechanical engineers, 21 percent; and in- 
dustrial engineers, 20 perceat (chart 3). 
Of the remaining occupations, chemical 
and aeronautical engineers each comprised 1 
roughly 6 percent of employed engineers, 
while civil, metallurgical, petroleum, and 
safety engineers combined represented 
slightly over 3 percent. 

electrical/electronic 
engineers 

In 1980, there were 160,000 electrical/ 
electronic engineers employed in manu- 
facturing industries, representing roughly 
26 percent of total engineering employ- 
ment in these ir^fstries. Economywide, 
these industries generate jobs for more 
than three-fifths of individuals employed 
in these specialties. 



"National Science Foundation. V S Scientists and 
Engineers 1980, op at 

. '^Nineteen percent o£ engineers were designated as 
"other," This category would include occupational 
specialties not identified with those included on OE3 
survey forms Also, occupational detail on OES ques- 
tionnaires differs by industry. If an occupation's employ- 
ment level within an industry was considered, a prion, 
to be insignificant, it was omitted from the question- 
naire Insuch cases, engineers jn these specialties would 
be included in the "other" category To the extent this 
happened, employment levels in reported engineering 
specialties would have bjeen understated. It is impos- 
sible to determine the relative importance of these two 
effects. 




Electrical/electronic engineering em- 
ployment was concentrated in four indus- 
tries. Almost 95 percent were employed 
in industries producing. Electrical mach- 
inery, 52 percent, machinery (except elec- 
trical), 21 percent, instruments, 12 percent; 
and transportation equipment, 9 percent 
(table 3). 



Table 3— Electrical/electronic engi- 
neers by major industry of 
employment: 1980 





Thou- 




Industry 


sands 


Percent 1 


Total, all industries 


160 


100 




150 


94 




83 


•52 


Machinery, except 








34 


21 




19 


12, 


Transportation 


14 


.9 






1P 


6 



'Percentages may not correspond to employment level* be* 
t cause of rounding 
SOURCES Bureau of Labor Statistics end Netlonsl Science Foun- 
dation 
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Between 1977 and 1980, the employment 
of electrical/electronic engineers increased 
by almost 13 percent* at a compounded 
annual rate of 4 2 percent (table 8) In 
recent years, if has been speculated that 
demand exceeds supply in this occupa- 
tion 12 Shortages, or unmet demand, would 
result in arv understatement in growth rates. 
These occupations accounted for almost 
one-fifth of manufacturing industries' in- 
crease in engineering employment over the 
period^ The strength of demand was the 
result of product development and appli- 
cations in microelectronics, telecommuni- 
cations, office automation *and robotics. 13 

mechanical engineers 

In 1980, there were 127,000 mechanical 
engineers employed in manufacturing in- 
dustries representing slightly over one- 
fifth of the engineering work force. These 
industries were the major source of demand 
for this occupation, constituting almost 
two-thirds of private industry's demand 
and roughly 54 percent of that economy- 
wide. 

Mechanical engflflfers were employed 
across a broader spectrum of manufac- 
turing industries than electrical/electronic 
engineers. Nonetheless, over 80 percent 
were concentrated in capital-intensive 
durable-goods industries\ Five industries 
accounted for three-quarters of the em- 
ployment of these engineers: Machinery 
(except electrical), 29 percent; transporta- 
tion equipment, 15 percent; electrical mach- 
inery, 15 percent, fabricated metal products, 
7 percent, and chemical goods, 7 percent 
(table 4). 

Mechanical engineering employment 
increased by 13 percent between 1977 and 
1980, growing at an annual rate of nearly 
4.2 percent (table 8). The increase ^em- 
ployment in this specialty accounted for 
15 percent of total engineering growth in 
the industries during this period. In- 
creased utilization resulted from growth 
in the demand for, and rapid technological 
innovation in, industrial machinery and 
machine tools industries, as well as the • 
increased concern for developing alterna- 
tive' energy systems. 



Table 4— Mechanical engineers by 
major industry of employment: 
1980 



industry 


Tjhou- 
sands 


Percent 1 


Tptal, ail industries 


127 


100 


Major industries 


95 


75 


Machinery, except 






* electrical . 


37 


- 29 


Transportation 






equiment 




.♦15 


Electrical machinery 


19 


15 * 


Fabricated metal 






products 


12 


9 


Chemicals'. 


,9 


7 


Other industries . . . 


31 


25 



'Percentages may not correspond to employment levels be- 
cause of rounding 

SOURCES Bureau of Labor Statistics and National Science Foun- 
dation 



industrial engineers 

In 1980, there were over 123,000 indi- 
viduals employed as industrial engineers 
in manufacturing industries, representing 
nearly one-fifth of total engineering em- 
ployment in these industries. 
^ Industrial engineering employment was 
concentrated within durable-goods pro- 
dtStihg industries. Four industries pro- 
vided jobs for almost three-quarters of 
these workers:* Machinery (except electri- 
cal), 26 percent; electrical machinery, 23 
percent; transportation equipment, 18 
percent; and fabricated metal products, 
7 percent (table 5). Although concentrated 

Table 5 — Industrial engineers by 
major industry of employment: 
1980 



"National Science Foundation. "Labor Markets for 
Nt»w Science and Engineering Graduates in Private 
Industry .**.op cit 

"Richard W Riche. "impact of New Electronic Tech- 
nology " vfonfhf) labor RewVw, Vol 105, No 3, March 
1982 



< * 


Thou- 




, Industry 


sands 


Percent 1 


Total, all industries 


123 


100 


Major industries 


91 


74 


Machinery, except 






electrical 


32 


26 " 


Electrical machinery 


28 


23 


Transportation 






.equipment . v 


22 


18 


Fabricated metals 


8 


7 


Other industries 


33 


26 



in a few industries, the skills of these engi- 
neers were applicable across a broad spec- 
trum of employers. Industries that tradi- 
tionally employ few engineers, especially 
those, producing nondurable goods (apparel, 
textiles, leather products! and printing), 
showed this occupation as their major engi- 
neering specialty. 

Between 1977 and 1980, the data indi- 
cated an increase of over 60,000 indus- 
trial engineers, representing a 95-percent 
increase over the employment level reported 
, in 1977 (table 8). 14 By definition, industrial 
engineers deal primarily with the efficient 
integration and utilization of major fac- 
tors of production: people, machines, and 
materials. Industry's increasing concern 
over productivity growth, cost reduction, 
and quality improvement has led to the 
rapid diversification of job functions classi- 
fied, as well as the strength of employ- 
ment demand within this occupation, These 
functions range from operations research, 
motion-time analysis, value analysis, and 
personnel training, to the development ^nd 
design of data processing and manage-, 
ment systems to monitor quality, inven- 
tory, product distribution, and financial 
planning. 

Employment growth in industrial engi- 
neering, similar to that in computer sys- 
tems analysis, was facilitated by the flexible 
supply of personnel from other disciplines 
who coulcl perform these job functions. 
New industrial engineering graduates num- 
bered roughly 3,500 per year in the late 
seventies, accounting for less than one- 
fifth of increased manufacturing industrial " 
requirements during the period covered 
by the analysis, Thus, a large part of the 
additional jobs in this occupation had to 
be staffed through reassignments or up- 



'Percentages may not correspond to employment teveia be* 
cause of rounding 

SOURCES. Bureau of Labor Statittica and National Science Foun- 
dation 



"Rapid growth in industrial engineering employ- 
ment was analyzed to determine whether it was being 
generated by OES survey procedures. No definitional 
change occurred in the two survey years that could 
have generated "apparent" as oppqsed to actual occu- 
pational growth. Microdata files were extrtained tp 
determine if response bias resulted from variations in 
response rates by industry, size-class, or geographic, 
region in either survey year. No such differences were 
found. Three industries were responsible for three- 
quarters of the growth in this occupation: Machinery 
(except electrical); electrical machinery: and transpor- 
tation equipment. Analysis of the microdata files in 
cated that increased demand in each industry, was 4 
ported by an increasing utilization of these engine 
across all S|ze*ciaSses of establishments. Representa- 
tives of the Ameriqan Association of Engineering Soci- 
eties, the American institute of industrial Engineers, 
and the American Society of.Mechanita! Engineers all 
attested to increasing demand in this occupation. 



grading from other SET occupations and 
through recruitment of immigrants. 1 ^ 

other engineering * 
occupations 

In 1980, the remaining engineering 
. specialties (aeronautical, chemical, metal- 
lurgical, civitf safety, petroleum, and other) 
^ combined to make up less than one-third 
of the engineering work force in manu- 
facturing industries. Of these, aeronautical 
and chemical occupations dominated, with 
each representing roughly 6 percent of 
engineering jobs in manufacturing indus- 
tries. ^ 
• The 34,000 aeronautical engineers, em-' 
ployed in the production of transportation 
equipment (aircraft, missiles, and space 
vehicles) within manufacturing industries 
represented 95 percent of total employment 
in this occupation etonomywide, 16 There 
was virtually no employment growth re- 
ported for this field within manufactur- 
ing industries between 1977 and 1980. The 
lack of growth primarily resulted from 
declining production in commercial aircraft. 

In 1980, the^ 34,000 chemical ep^ineers 
employed in manufacturing industries rep- 
- resented nearly half of national employ- 
ment in the occupation and almost two- 
thirds of all suc^ workers in private indus- 
try. The majority of these engineers were 
concentrated in nondurable manufacturing 
industries engaged in the production of 
chemical and petroleum goods Between 
1977 and 1980, the growth in employment 
in chemical engineering specialties was 9.6 
percent, yielding an annual growth rate 
of 3.1 percent. This growth was generated 
by an increase in the utilization hi such 
personnel in three major industry groups 
chemical goods, rubber and plastic prod- 
ucts, and electrical machinery. 



technicians 



v 



''Between 1977 and 1980. there were nearly 2,000 alien 
industrial engineers certified for admission to* the United 
States See Department of Labor, unpublished data. 

'•Reported employment of aeronautical engineers in 
1980 was 20,700. a ^4-percent decline ovpr 1977 This 
estimate resulted from an undercount generated by the 
designationof aeronautical engineers^ guided missile 
and space* establishments as "other" engineers The 
employment level reported in the lext was estimated 
by assuming that the relationship between total employ- ' 
ment in the occupation and that reported in establish- 
ment producing aircraft and parts Was constant in the 
lAuiurwt'j ;t'drs The pmp|o>mpnT growth that fpwIMH 
was more reasonable but less than the 7-percent growth 
reported for S/E employment in aerospace industries. 
See Aerospace Industries Association. -fffc . " Aerospace 
hmpioymenl Continues Upward Trend. Aerospace 
News. October 22. 1981 



S/E technicians are essential to the func- 
tioning of manufacturing* industries. These 
personnel provide support to various cate- 
gories of S/E occupations through prac- 
tical applications of theoretical knowledge 
and assistance in R&D activities. In 1980, 
manufaeturingMndustries employed over 
594,000 S/E technicians, representing 45 
percent of total demand for these personnel 
by private industry. Almost two-thirds of 
the technicians were employed in engineer- 
ing specialties, one-quarter were evenly 
distributed between employment in the 
fields of science technology and computer 
programming (chart 4)^ 

H 

. engineering technicians 

In 1980, manufacturing industries em- 
ployed 389,000 technicians as engineer- 
ing support personnel. The two major 
.technician specialties were in electrical/ 
electronic engineering and drafting. With 
employment levels of 136,000 and 120,000, 
respecjrwely, each accounted for roughly 
one-tmrd of the jobs for engineering tech- 
nologists. Of the remaining occupational 
subspecialties in this category, mechani- 
cal technicians accounted for 9 percent of 
employment; industrial technicians, 5 per- 



10% 





'/ Sconce > 




L 12% 








Computer 




programmers 




I 12% y 







Other engineering 
X technicians 
22% 



cent, and tool programmers, almost 4 per- 
cent. * t 

Similar to general engineering employ- 
ment, engineering technicians were almost 
exclusively employed in durable-good's 
^manufacturing industries. Over three- 
quarters of their employment was con- 
centrated in four industries: Electrical 
machinery, 28 percent; ntachinery (except 
electrical), 25 percent; transportation equip- 
ment, 14 percent; and instruments, 9 per- 
cent (table 6). 

" 4 Between 1977 and 1980, the employment 
of engineering technicians increased by 
17.6 percent, at a compounded annual rate 
of 5.5 percent. Over the 3-year period, 
electrical/electronic technicians showed the 
most rapid increase, 27.7 percent, paral- 
leling the strong demand for highly trained 
electrical/electronic engineers. Other tech- 
nician engineering occupations, combined, 
grew ajf a more modest rate of 12.8 per- 
. cent (table 8). Growth in the demand for 
engineering technicians resulted from a 
variety of factors, including industry ex- 
pansion; changes in the staffing pattern 
of S/Epersonnel; and the automation of 
industrial processes. Growth in the employ- 
ment of technicians also resulted from the 
development of new specialties, such as 
industrial engineering technicians and tool 
programmers. 

.-computer programmers 

In 1980, there were 73,000 computer" 
programmers employed in manufactur- 



Table 6— Engineering technicians by 
major industry of employment: 
1980 



Electrical/ 
electronic 

engineering v * ^ ^ 
23% 



Drafters . 

20% lr..M 



% r *Jfa^£m n^h^M MtoJ*?m 'iS^mf^:f\ 





Thou- 




Industry 


sands' 


Percent' 


Total, all industries . . . 


3p9 


100 


Major industries 


298 


76 


Electrical machinery 


107 


28 


Machinery, except 








98 


25 


Transportation 








55 


14* 




36 


9 


1 


} 92 


24 



'Percentagat may not corretpond to employment It volt bt_- 
cause of rounding 

SOURCES Bureau of Labor Statistics and National Scianca Foun- 
dation 
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ing industries, amounting for 12 percent 
m of .tethmuan employment. Computer pro- 
grammers, as computer systems analyst 
perform job functions related to business, 
as well as to scientific*and technical prob- 
lems in the application of electronic data- 
processing systems. THfese data do not 
differentiate between such functions: 
Manufacturing industries employ fewer 
, ,than one-third of all computer program- 
mers within private industry. Within these 
industries, however* three-quarters of the 
employment of these personnel are con- 
tained in five industries: Machinery (except 
electrical), 39 percent; electrical rhachinery, 
.18 percent; transportation equipment, 8 
percent; printing and publishing, 6 percent; 
and chemicals, 6 percent (table.7). 

Computer programming was second only 
to industrial engineers as the fastest grow- 
ing SET occupation in manufacturing in- 
dustries. Between 1977 and 1980, employ- 
ment (^computer programmers increased 
by over45 pei'cent, at an average annual 
rate of 13.2 perceni«(table 8). ThisMncrease 
was a^hifii^eHfipart through expansion' 
of industries which were major employers 
of such personnel. The greatest contribu- 
tions to growth in this occupation, how- 
ever, were from the diffusion of computer 
technology and its application to indus- 
, trial processes, as well as the flexible sup- 
ply of personnel who were able to perform 
the job requirements of this occupation. 



science technicians 

4 

In 1980, over 71,000 science technicians 
were employed in manufacturing industries 
providing support to the full range of sci- 



Table 7— Computer programmers by 
major industry of employment; 
1980 



Industry 


Thou - 
sands 


Percent 1 . 

r ci vol ii • 


Total, all industries 


73 


• 100 


Machinery, except 


55 


77 






28 


39" 


Electrical machinery 


* ' 13 


18 


Transportation • 






equipment 


6' 


* 8 


Printing and publishing . . . 


4 


6 


Chemicals 


4 


6 


Other industries 


18 


23 



'Percentages may not correspond to employment levels be- 
cause of rounding 

SOURCES Bureau of Labor Statistics and National Saence Foun- 
dation 



ence occupations. These technicians con- 
stituted approximately 12 percent of tech- 
nician employment. 

Reflecting the pattern *of science em- * 
ployment, the employment of science tech- 
nicians was concentrated in nondurable- 
goods industries producing chemicals, food 
and food product^, .textiles, and primary 
metals. 

Growth ift the number of jobs for sci- 
ence technicians paralleled that of scientists 
within manufacturing industries. Between 
1977 and 1980, there was a 17.Vpercent 
growth in the employment of science tech- 
nicians, representing an averge annual * 
growth rate of 5.6 percent. 



Table 8— Employment growth of major 
science, engineering, and technician 
occupations in manufacturing 
industries 

[In thousand*} 



* 


Employment 




Occupation 






Percent 




1977 


1980 1 


'Ghana© 2 


Scientists 


122 


145 


19 * 




Chemists . , 


. 54 


57 


5 


Computer systems ' 




analysts 


40 


53 


• 32 


Life 34 


9 


1 1 


22 


Mathematical 4 


9 


8 


-17 


Other 4 


12 


17 






4,4 


Engineers v 


506 


606 


,20 


Electrical/ 








electronic 


1 AO 


IbU 


13 


Mechanical 


1 1 O 
lie. 


1 £.1 


13 


Industrial 


63 


123 


95 


Other 


• 189 


196 


4 


Technicians 


494 


594 


20 


Electrical/ 








electronic 


106 


136 


28 


Engineering, 








except electrical/ 








electronic 


224 


253 


13 


Computer 








programmers . . . 


-50* 


73 


45 




. 61 


71 


18 


Other .... 


53 


61 


16 



'Data for 1980 are presented in appendix B, tables B-2, B-6, 
and B-10. 1977 data were reported in National Science Foundat 
Hon. Employment of Sdtntisti, 'Eng/neer*, *nd rec/>n/c/ene In 
Mtnuttcturing Industries 1977 (Detailed Statistical Tablet) (NSF 
80.306} 

'Percentages may not correspond to employment levels because 
of rounding 

'Includes agricultural, biological, and medical subspecialties 
only 

. * Percent change Indicates general employment trend Computed 
on a small base, the change Is not significantly different from zero, 

SOURCES. Bureau of labor Statistics and National Science Foun- 
dation 
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section 2. 



employment by industry 



In the latter part of the seventies, there was an economic downturn in manu- 
facturing industries. Thirteen of its 20 industries reported declining Employment: 
Those that produced lumber, furniture, stone, clay, and glass products were feeling 
the results of declining construction activities; other industries like transportation, 
fabricated metals, and rubber products fell prey to declining domestic car produc- 
tion; and still others like apparel, textiles, leather, and petroieum products were 
succumbing to rising prices and falling consumer demand. 17 Strong employment 
growth in these industries was confined to several high-technolQgy, high- 
productivity durable-goods industries that produced machinery (except electrical), 
electrical machinery, and precision instruments, as well as nondurable-goods indus- 
tries whose a'ctivjties included printing and publishing and the production of chem- 
ical goods. In the face df this relatively poor economic environment, the 20-percent 
increase in SET personnel which occurred between 1977 and 1?80 prpvides some 
insight into the increasing role technological employment wJll.play In the years 
ahead. Despite declining total employment in a majority of ,its industries, S/E 
.personnel increased at an average annual rate of 6.1 percent, reversing the I per- 
cent average annual decline in the early- to midsevehties. 1 * 



durable-goods 
industries 

• Durable-goods industries employed 
1,050,000 rcientists, engineers, and tech- 
nicians in 1980, almost four-fifths of all 
SET personnel employed in manufacturing 



"Department of Commerce 1982 VS Industrial Out- 
look (Washington. D C: Supt. of Documents, U.S. Gov- 
ernment PrtntmgOfficc. January 1982). 

.•National Science Foundation. Scientists, Engineers, 
ond Tehnicions in Private Industry 1978-80 (Special 
Report) (NSF8(W20) {Washington. D.C.rSupt. of Docu- 
ments. fcl.-S. Government Printing Office, October 1980). 
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industries. Major employers in *he industry 
group were electrical machinery; mach- 
inery (except electrical), and transporta- 
tion equipment (charts),, / 
Eighty-five percent of all manufactur- 
ing engineers were employed in durable- 
goods industries, including virtually all 
aeronautical, metallurgical, and electrical/ 
electronic, engineering personnel and over 
four-fifths of, industrial and mechanical 
engineers. Roughly 79 percent of the tech- 
nicians in manufacturing industries were 
employed in producing durable goods, in- 
cluding over 90 percent of technicians 
with engineering and 79 percent with 
computer programming specialties. Of 



tljethree major SET occupations, scien- 
tists were least concentrated in these in- 
dustries. The 45 percent of manufacturing 
industries' scientists employed in durable- 
goods production, however, included most 
computer systems analysts, mathematicians, 
and social scientists. Durable-goods indus- 
tries accounted for virtually all the increase 
in SET employment from 1977 to 1980. 
The 22-percent increase in SET employ- 
ment in these industries was primarily 
generated by the strp^g performance of 
high-technology industries such as elec- 
trical machinery, machinery (except elec- 
trical), transportation equipment; and 
instruments. 




nondurable-goods 
industries . 

Nondurable-goods industries employed 
290,000 scientists, engineers, and techni- 
cians in 1980, slightly over one-fifth of all- 
SET personnel employed in manufacturing 
industries. The chemical products indus- 
try was clearly the dominant employer 
accounting for over half the SET employ- 
ment. 

Nondurable-goods industries employed 
55 percent of 'all scientists in manufac- 
turing industries. These industries were 
major employers of cherrusts and life sci- 
entists, occupations4*hat are essential to 
chemical and food product industries. 
Only percent of manufacturing engi- 



neers were employed by these industries. 

Nondurable-goods industries, however, 
were the primary employers of chemical, 
petroleum, and safety engineers. With 
respect to technicians, nondurable-goods 
industries employed about one-fifth of all 
those working in manufacturing indus- 
tries, including three-quarters of all science 
technicians. 

Nondurable-goods industries showed 
. very little overall employment gain between 
1977 and 1980. In fact, many of these 
industries had declining levels of employ- 
ment. Poor overall economic performance 
in these industries moderated SET employ- 
ment growth to a rate below that of dur- 
ablergoods industries. Nonetheless, growth 
in SET employment was still substantial 
comparer^ to past trends. The number of * 



SET personnel increased by 14 percent over 
the 3-yearfperiod in contrast to the 8-per- 
cent decline from 1970 to 1975. 11 The 
growth that did occur was spread evenly 
across food, paper, u printing, and chemical 
industries. 



technological 
intensity and J , 
SET employment 
growth 

* 

y 

Employment of scientists, engineers, 
and technicians was concentrated in rela- 
tively few rrlanufat turing industries Five 
industries formed the tore of demand for 
these occupations Electrical machinery, 
machinery (except elec trie al ) transporta- 
tion equipment, chemicals, and instru- 
ments These, industries employed 71 per- 
cent of all manufacturing scientists, 81 
percent of the engineers, and 75 percent 
of technicians (table 9). 

The concentration of scientists, engi- 
neers, and technicians in a datively small 
number of industries can result either from 
the scale of industrial production in these 
industries, or from the fact that their tech- 
nology requires the staffing of a relatively 
large number of employees with bET skills 
One way to determine the relative effect 
of these two determinants on the indus- 
trial distribution of bET personnel entails 
developmeat of a concentration ratio 
•for each industry, relating that industry's 
share of scientist's, engineers, and techni- 
cians to its share" of total industry employ- 
ment 20 A ratio close to unity for major 
industrial employers of SET personnel im- 
plies that the SET employment levels result 
primarily from the scale of industrial activ- 
ity as reflected by total employment. A ratio 
greater than unity implies that the labor 



'•National Science Foundation. Science pnd Engi- 
neering Employment. 1970-80 (Special Report) (NSP 
81-310) (Washington, DC Supt of Document* US Gov- 
ernment PrinttnyOffice. 1981). 

'•The "concentration ratios" are defined as: 

Cj « (Sj/S) / (Ej/Ej, 

where Cj is the concentration ratio for industry); Sj is 
ihe number of scientists, engineers, or technicians in 
industry j, S is ihe total number of scientists, engineers, 
or technicians in manufacturing industries; Et U total 
employment in industry j; and E is total manufacturing 
employment. These ratie&across all industries are pre- 
sented in appendix B, table B-14 
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Table 9— Science, engineering, and technician employment by 
technological intensity of manufacturing Industry 





Scientists 


^Engineers 


i 


Technicians 




Industry 


Concen- 
tration 


Employment 
1980 1 


Employ- 
ment- 
growth 
1977-80 


Concen- 
tration 
ratio 
1980 


Employment 
1980* 


Employ- 
ment 
growth 
1977-80 


Concen- 
tration 
ratio 
1980 


Empk 
19 


>yment 
80 1 


Employ- 
ment 
growth 
1977-80 




ratio 
1980 


Level 


Percent 


Level 


Percent 


Level 


Percept 




1.0 


145 


• 

100 


IB I % 


1 n 

l.V 


606 


100 


19.8% 


1.0 


594 


/ 

100 


20.2% • 


Technologically intensive 
industries 


1.7 


103 


71 «' 


t 

19.0 


2.0 


491 


81 


2f.O 


2.2 


.448 


/ 


22.3 


Electricar machinery . . . 
Instruments 


1.1 
1.1 


5 


11 
4 


52.3 
17.7 


2.5 
1.9 


153. 
40 


25 
7 


30.0 
17.6 - 


2.1 
2.5 


130 
53 


h 


26.7 
45.0 




6.4 


51 


' 36 


1.9 


1.2 


42^ 


7 


11.0 


1.8 


59 




7.9 


Transportation 
. equiprr/epU. 


1.3 


17 


12 


54.3 


2.4 


132 


22 


• 18.7 


1.3 


72 


: 


26.9 


Machinery/ except 


.7 


13 


9 " 


01.9 


1.7 


125 


20 


30.2 


^1.8 


134 


I 23 


15.9 


Other industries 


.7 


42 


29 


18.0 


.5 


115 


19 ' 


14.9 


.7 


146 


25 


14.3 



•levels reported in thousand*, numbers may not add 
SOURCE National Science Foundation 
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forces of these industries are relatively 
intensive technologically. 

For scientists/ the most technologically 
intensive industry was chemical^>roducts, 
which employed over six times the number 
of scientists as would have been expected 
given the industry's share of total manu- 
facturing employment. For engineering 
occupations, all five industries, except 
chemical -products, had concentration ratios 
significantly greater than one. Electrical 
machinery and transportation equipment 
indicated the highest degrees df technologi- 
cal intensity with ratios of roughly 2.5. 
All five industries showed high concen- 
trations of technicians, with precision 
instruments -showing the greatest tech- 
• nological intensity, 2.5. 

With the exception of the chemical in- 
dustry, SET occupations in all technolog- 
ically intensive industries grew rapidly 
between 1977 and 1980. For scientists, 
there was basically no difference in .SET 
employment growth rates between tech-, 
nologically intensive and other industries. 
Much of the growth that did occur m these 
occupations resulted from increased utiliza- 
tion of compter systems analysts whose 
employment was widely diffused through- 
out manufacturing industries. For engi- 
neers and technicians, however, technologi- 
cally intensive industries grew at 1.5 times 
the rate of all other industries. High growth 
rates in industries that favored. the staff- 

erJc > : , ■ ■ 



to totals because of rounding 
\ 

ing of SET personnel helped explain the 
rapid employment growth for such per- 
sonnel over the period. Strong performance 
in these industries provides some indica- 
tion of the potential strength in' demand 
for such fields. * 

industrial detail of 
high-technology 
industries^ 

the concentration and employment 
growth of SET personnel in the high-tech- 
nology industries mentioned previously 
make them important industries for 3ipl- 
ysis. With respect to current requiremfnts, 
these industries are on the forefront of tech- 
nological change and are primary spending 
targets for the current defense buildup* 
Each 2-digit industry pi^sented in this 
analysis is composed of finer detailed 
3-digit industries which vary with respect 
to production activity, technology, and, 
hence, employment levels, and staffing 
patterns. 

Within .the 2-digit machinery .(except 
electrical) industry, the 3-digit industry 
producing office and computing equipment 
showed the highest utilization of SET per- 
sonnel (chart 6). This detailed industry 
employed 54 percent of the 2rdigit indus- 
try's science work force, 41 percent of the 



engineering work force; and 46 percent 
of that for technicians. Typical of all 
industries producing durable manufac-^ 
turing goods, almost all scientists within 
the office and computing equipment in- 
dustry were computer systems analysts. 
Almost three-quarters of the engineers were 
employed in electrical/electronic specialties, 
including one r third of the nykhinery in- 
dustry's engineers and 13 rercent of the 
mechanical engineering work force. Tech- 
nician occupations dominated SET employ- 
ment. Employ Ttent growthjn this industry 
slowed somewhat in the late seventies, but 
there was no decline as evidenced in other 
industries comprising the major 2-digit 
category. I 

The 2-digjt electrical machinery indus- 
try was dominated by the 3-digit industry 
producing communication equipment and 
electronic components. Firms producing 
these product? accounted for three-quarters 
of the industry's employment in each of 
the, three rtiajdr SET categories. Engineer- 
ing specialties dominated SET staffing in 
this 3-digit industry which employed three-' 
quarters of electrical/electronic engineers 
in the electrical machinery industry; 64 per- 
cent of industrial engineers; and 59 percent 
of those in mechanical specialties. Employ- 
ment growth in this detailed industry' began 
to slow toward the end of the decade* By 
1980, the 3-digit communications and elec- 
tronic components industry was the only' 
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category within the electrical machinery 
industry that did not undergo absolute 
reduction in employment levels. 

The 3-digit industry producing aircraft 
and parts dominated SET employment in 
the 2-digit transportation industry. Two- 
thirds, of the latter industry's scientists, 
over half the industry's engineers, and 46 
percent of its technicians were employed 
in the production of aircraft and parts, 
primarily in computer and physical science 
specialties. Among engineering specialties, 
aircraft and parts establishments employed 
over thtee-fifths of ihe transportation in- 
dustry's electrical engineering work force, 
and about half of both industrial arm mech- 
anical engineering specialties Along with 
the 3-digit industry producing guided 
missiles and space vehicles, thel aircraft 
and parts incjustry was the only one in the 
larger 2-digit category showing en^ploy- 
ment growth. 

The 2 digit instruments industry was 
dominated by the 3-digit industry produc- 
ing measuring and control devices. The 
measuring and control device industry 
employed only a third of both S/E per- 
sonnel in the larger industry and over 
two-fifths of th£ technician work "force. 
Although total employment in this detailed 
industry had begun to level off, employ-* 
*ment was still makirig significant gains 
until 1980. 

SET personnel within the chemical goods 
industry were; fairly evenly employed across 
the component 3-digit industries. Staffing 
showed relatively equal utilization of S/E 
occupations, however, employment of tech- 
nicians dominated staffing in the indus- 
try. As would be expected, science employ- 
ment in these nondurable-goods industries 
was concentrated in chemical and biological 
professions By 1980 economic activity, 
as measurecfvby total employment, had 
begun to level off or decline across most 
3-digit-industries within the chemical- 
goods indus^ryT| 
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section 3 
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. measuring determinants of 
occupational change: industry 
growth and staffing patterns 

Cursory analysis of the data presented in the preceding sections indicates tj^at SET 
. employment has increased fair more than would have been anticipated givfen overall 
employment growth in manufacturing industries. Total employment in these industries 
* increased by less than 3 percent from 1977 to 1980, while aggregate SET employment 

increased by roughly 20 percent. Most of the 13 manufacturing industries with declin- 
irtg total employment over the period registered increases, not reductions, in the number 
of scientists, engineers, and technicians. Eveo. for those few, high-technology industries 
undergoing^-ong growth, increases in total employment rarely kept pace with the 
f growth in SET personnel 

\ The large'discrepancy between the growth in SET and overall industry employment 
leads to the hypothesis that, oVer this period, staffing patterns in these industries were 
changing so as to increase the utilization rate of scientists, engineers, and technicians. 
Few studies have been conducted to measure the relative importance of variations in 
staffing patterns in determining changes in occupational employment because of the 
scarcity of available data. Data providing the occupational and industrial detail needed 
for such analyses are collected infrequently because of the large sample sizes needed 
to provide reliable estimates. < • 1 

The analyses conducted to date, generally based on decennial census data, have led 
to the opinion that/ over the course of a decade,' the change in\occupational require- 
ments within industries can be attributed equally to movements in staffing patterns; 
and overall industrial employment activity. Although data to test this relationship for 
shorter periods have been unavailable, it is commbnly assumed that, the shorter the 
time-frame, the less important aje staffing pattern changes and the more dominant is 
total industry employment behavior. 21 The purpose of this sections to evaluate the 
importance of staffing pattern changes in explaining the rrioyementof SET employment 
within manufacturing industries. The larger the impact of these changes relative to 
ov^l employment growth, the more' important is this factor in generating future 
derrWW for SET personnel. 



i "Department of Labor.. Tomorrow's Monpower Needs, Research Report on Manpower Projection Methods, 
Bulletin 1769 (Washington. D.C.: Supt. of Documents. U.S. Government Printing Office, 1073); Richard B Freeman. 
<An Empirical Analysis of the Fixed-Coefficient 'Manpower Requirements 4 Model 1 960-70." The Journal of Human 
ReSfcrtces, Vol! XV. No. 2. 1080; and,Department of Labor. Bureau of Labor Statistics. Division of Occupational 
-Outlook. -Projected Occupational Staffing Patterns of Industries," OES Technical Paper No. 2 {Washington, D C 
March l;981 J. . 




19 



♦ 



decomposing 
changes in 
occupational 
employment 



Changes in occupational employment 
result from a combination of several fac- 
tors. Other things being *qual, increasing 
or declining employment could be expectecf • 
to induce similar changes in personnel 
across the full range of skills within an. 
industry. Changes in industrial employ- 
ment, howpver, do not affect all industries 
equally; ofteivone industry ox group of 
industries grows more rapidly than others. 
Such changes in the cbmpositi6n of indus- 
trial employment also affect occupational 
demand For example, £aster growth in 
the aforementioned high-technology in- 
dustries relative to other manufacturing 
md us t reserves to accelerate the increase 
in demand for SET personnel because of 
their higher 'concentration of SET employ- 
ment. Finally, occupational employment 
changes can result from variations of staff-* 
ing patterns within industries as skill re- 
quirements respond to changes*in tech- 
nology and praduchpix These factors do 
not operate independently of one another, 
but occur simultanteously, making it dif- 
ficult to isolate the effects of one fronv 
the other. r 

Employment for any occupation within 
any given industry Can be derived as the 
* product of that industry's total employ- 
ment and staffing pattern (within an in- 
dustry, the ratio of workers in that occu- 
pation to total employment)-. Using this 
derivation, changes in occupational em- 
ployment between time periods t and t-1 
represented by the operator A can be de^ 
composed into two factors representing 
movements in industry employment and 
staffing patterns: * * 4 

Eij= ( AEj)sjj /N1 + ( ASjj)Ej /t . 

where E^is the number of people employed, 
in occupation 1 witrui^ industry j; Ej is 
total employment in industry j; and 
represents the staffing pattern of occu- 
pation 1 within that industry. 22 



"The derivation is as follow*. At any given period of 
lime employment in occupation \. within industry, 
j. (Eij.tJ can be defined as the product of total industry 
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In the foregoing equation, the first term 
to the right of the equivalence sign repre- 
sents that part of occupational change at- 
tributable solely to movements in indus- 
try employment ( A Ej). This component 
of employment change assumes that staff- 
ing patterns remain constant. 23 If changes 
in occupational employment are derived* 
by summing this relationship acrogs in- 
dustries, the A Ej term also picks up the 
effect of compositionaj changes in indus- 
trial employment on occupational employ- 
ment demands. 

Jhe ability of industrial employment 
growth .to explain employment change 
within or across .industries critically de- 
pends on the stability of staffing patterns 
and, hence, the magnitude of the second 
component of change^hown in the equa- 
tion. This latter term allows for variations 
in industrial staffing ( A Sjj) and measures 
the impact of these variations on changes 
in occupational employment for a fixed 
composition of industrial employment. 24 



employment in that -time period (Ej t J and that indus- 
try's occupational staffing pattern as measured by the 
rdtio of t|rt^)ccupdtion s employment level to total 
industry employment (E,j (/Ej ( ) Thus, ' 



1*1 E t 



E 



ij.t-1 



Letting s,j represent the term for staffing patterns, 
equation (11 can be rewritten as 

|2 » E „.i'-Vi -<vv 

■ < e j.m) IW 

Adding and subtracting (Ej ,) {•;: M l to the equation 
(which does not change the equality), combining, and 
rearranging terms results in. 
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Letting A indicate changes in a variable over time, we 
arrive at the- equation specified in the text, namely; 
14), Bjjj^f AjBj) (s,j M ) + ( A s^ (Ej ,) 

"The first, tprm in*the equation represents employ- „ 
, ment change as it would have been estimated using a 
fixed-coefficient employment model. Such models are 
' used to develop estimates of detailed occupational 
employment when actual survey data are unavailable. 
The assumption underlying such models is that, within 
an industry, staffing patterns remain stable over rela- 
tively short periods thus making total employment jhe 
major determinant of occupational change. , 

^Theoretically, there is a third component of change. 
( A s,j) ( A Ej), which measures interaction of the two 
effects The (erm is omitted from this analysis because 
of the discrete nature of the data which precludes its 
measurement. It is used in continuous models such as 
thai tested by Richard B. Freeman, op. Git 



results 

Data from the-1977 and 1980 OES Sur- 
veys of Manufacturing Industries can be 
used to distinguish the relative importance 
j>f movements in industrial employment 
and staffing patterns, in determining em- 
ployment changes within major SET oc- 
cupational categories. The test* procedure 
assumes that occupational structure re- 
mains constant over the period of analysis 
and applies 1977 staffing patterns to 
changes in total industry employment. 
(See equation in second paragrapj^on this 
page.) The resulting estimate of employ- 
ment change for each occupation is then 
compared to_the actual change which 
occurred. The difference between the two 
represents the share of the changeVi occu- 
pational employment caused by drifts in 
.the staffing patterns of manufacturing 
industries. 

In manufacturing industries, overall 
^changes in industrial employment ac- 
counted for a substantially .smaller share 
of SET empbyrri^nt growth between 1977 
and 1950 than would have been anticipated 
from the findings of earlier studies (chart 7). 
Changes in staffing pa'tterns accounted for 
approximately 70 percent of ^£T employ- 
ment changes. OVerall growth in indus- 
trial employment explained only 66,000 
of SET employment change, roughly 30 
percent of the 223,000 actual employment 
growth. 

There was a marked difference in the 
importance of variations in staffing pat- 
terns in determining employment changes 
within various SET occupational cate- 
gories; staffing pattern changes were sig- 
nificantly more important in explaining 
the changes in utilization of scientists than 
engineers and technicians. Between 1977 
and 1980, fhifts in staffing patterns ex- 
plained 19,50Q of the increase in the number 
of scientists in manufacturing industries, 
roughly- 85 percent of the 23,000 growth 
in employment that actually occurred. For 
engineers and technicians, staffing behavior 
explained more than two-thirds of increas- 
ing employment levels, representing em- 
ployment changes of 70,000 and 67,000, 
respectively, against an actual employment 
change of 100,000 in each field. An obvious 
hypothesis which could be used(to explain 
the higher correlation Jbetween total em- 
ployment and that in the latter occupations 
is that engineering and technician profes- 
sions are more closely associated with the 
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for computer system* analysts and pro- 
grammers who benefitted rrom increased % 

"demand generated by rapid diffusion of 
computer technology With respect to the 

* remaining two occupations, overall growth 
in industrial employment explained very 
little of the increasing employment of 
industrial engineers which was generated 
by industry's growing concern with pro- 
ductivity *nd quality control. The number 
of jobs in mathematical occupations moved 
•counter^ to industrial employment, they 
declined while overall industrial, employ- 
ment levels increased. 

The relative performance of staffing 
pattern behavior varies by industry (chart 
7). Staffing behavior was less important 
in explaining changes in occupational 
employment within durable-goods indus* 
tries, which generated the bulk of employ* 
ment growth in manufacturing industries, 
than in nondurable-manufacturing indus- 
tries, in the majority of which employment 

^declined in the \a\% seventies. While varia- 
tions in staffing patterns -was the prime 
determinant of occupational change in 
both typ^s of industries, they appeared 
relatively more important in industries 
with declining levels of employment. 2 * 



production process, forcing their employ- 
ment behavior to more closely parallel 
general employment conditions. 

Previous studies suggest that the more 
restrictive the definition o.f occupation, 
the more difficult it is to generalize about 
the relative importance of industry growth 
and staffing patterns in determining em- 
ployment changes 25 This is demonstrated 
by the eight detaijed occupations chosen 
for analysis (table 10). In two Occupations 
(chemists and electrical/electronic engi- 
neers), employment grew less than half as 
fast as the overall work force in the in- 
dustries thai employed -fcjrTem. For these 
occupajftmsv changes Jrrnndustrial staff- 
ing patterns reduced the utilization of 
these personhel Telative to others. The 
same was true, to a lesser extent, for engfc 
neerjng technicians. In three occupations 
(mechanical engineers, computer systems 
analysts, and computer programmers), 
employment growth outpaced growth in 
the overall work force, and changes in 



"Department of Labor, Tommorow's Manpower 
Seals, op at 
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staffing patterns resulted in increased 
utilization^ such personnel*. 

Staffing patterns within manufacturing 
industries were shifting to include more 
SET personnel. This was especially true 



**Th« exception lu ihis appears lo be for scientists 
where the model performs best for norfriurable-goods 
industries Analysis of table fMG. however, shows that 
this results irom errors across component industries 
which tend lu cancel one another 



Table 10— The effect of industry growth and composition on employment 
changes in selected science, engineering, and technician occupations 



Occupation 


Actuaf 
employment 
change 1 


Change , 
based on 
industry growth/ 
composition 


Percent of change 

explained by 
industry growth/ 
composition 


Scientists ' : 4 










2.5 


6.4 


256.0 




-1.6 


1.3 


(2) 




t4.9 


6.1 


40.9 


Engineers \ 




$9.2 






17.9 


219.0 




60.1 


. * 5.6 


9.3 




14.7 


8.9 


60.5 


Technicians 










58.2 


70.4 


121.0 




22,7 v 
_x 


8.8 


38.7 



• Employment changes reported in thousands 

'Estimated change was negative becauae of declining industry employment 
SOURCE National Science Foundation 
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To test this assumption, the 20 manu- 
facturing industries were divided into 
two categories depending on the direction 
' of changes in total employment (chart 8). 
In manufacturing industries with expand- 
ing employment levels, staffing behaviot 
explained the majority of occupational 
employment change! Growth in indus- 
trial employment, however, explained a 
significant proportion of increasing oc- 
cupational requirements 27 Employment 
growth in these industries explained almost 
two-fifths of the actual change which oc- 
curred in science professions (5,000 of 
13,000); almost half the change in engi- 
neering employment (34',000 of 70,000), 
v ana £3 percent of ?n> actual change of 
employmen^fn technican occupations 
(36,000 of 68,000). 

In the remaining 13 industries the num- 
Nt- or s<. itntist* engineers t ind technicians 
increased v\hiie total employment l^lined 
It the number of scientists had moved with 
changes in total industrial employment, a 
decline of 2,000 would have resulted as 
opposed to the increase of 9,500 which 
actually occurred For engineers, the esti- 
mated decline would have been 4,000 op- 
posed to the actual increase of 30,000; for 
technicians, th$ corresponding changes 
would have shown a decline of 4,000 op- 
posed to the actual increase of 19,000. 

^mong the 13 industries with declining 
employment, the results varied signifi- 
cantly. In less than half, the change in the 
number of SET personnel mirrored the 
decline in total employment This* occur- 
red less often for scientists than it did for 
engineers and technicians, once again sug- 
gesting that the latter two are more closely 
* linked to production and hence total em- 
ployment behavior 21 In these industries, 
however, employment of SET personnel 
was declining more rapidly than variations 
in total industry employment would have 
led us to believe, since controlling for in- 
dustry growth led to a significant under- 
statement of the employment decline in 
SET fields In the majority of the indus- 
tries undergoing reductions in total em- 
ployment, SET employment, in fact, grew. 
This growth far outweighed the reductions 



"Manufacturing industries with growing levels of 
total employment include. Primary metals, machinery 
(except electrical), electrical machinery, instruments, 
paper and paper products, printing and publishing, 
and chemicals. * 
"See appendix B. table B~16. 
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in the number of SET personnel which 
occurred in industries with declining em- 
ployment. 

It is beyond the scope of this analysis to 
determine what factors influenced changes 
in staffing behavior in industries with de- 
. clining employment, There are, however, 
a number of plausible explanations. First, 
for those industries having a long-term 
trend reduction in employment, staffing 
patterns could have been increasing because 
of technological change favoring SET per- 
sonnel. Second, SET employment is not 
believed to be closely linked to the produc- 
tion process because of the dominant role 
played by SET personnel in nonproduction- 
oriented activities such as research and 
development, management, etc. Thus, 
deteriorating employment conditions may 
be felt in this labor market only after sig- 
nificant lead time has elapsed. Third, dur- 
ing cyclical downturns, personnel practices 
generally favor retaining SET personnel 
because these individuals are highly trained 
and have firm-specific skills that would 
be hard to replace when economic condi- 
tions turne^ around. 2 * All these factors 
could contribute to the explanation of the 



"For an overview of factors affecting staffing in SET 
occupations, see Hugh Folk, The Shortage of Scientists 
ond Engineers (Lexington, Mass,; Heath Lexington 
Books, 1970), 



weak relationship between movements in 
SET and general employment levels. 

implications 

The preceding analysis has shown that 
staffing patterns are a major determinant 
of changes in the demand for SET per- 
sonnel and has demonstrated the need to 
study these patterns in order to understand 
the dynamics of the SET work force. Varia- 
tions in these patterns must ultimately be 
related to such factors as technological 
change, product mix, relative factor costs, 
expectations of future economic conditions, 
and current industry concerns. These fac- 
tors are all difficult to identify, let alone 
quantify, nonetheless they have a strong 
impact on SET utilization. 

Overall employment conditions within 
an industry also influence changes in oc- 
cupational employment, but one needs 
additional knowledge about how these 
conditions affect SET utilization and staff- 
ing, staffing behavior may be relatively 
more stable when industrial employment 
follows a long-term trend, than over short- 
term business cycles. Further research re- 
lating industry growth to staf fing^behavior • 
would contnbule^ignificantly in imprcty* 
ing predictions of SET employment demand 
and potential labor-market imbalances. 
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general 

National estimates of employment in 
science, engineering, and technician (SET) 
occupations presented in this report are 
based on data from the Occupational Em- 
ployment Statistics (OES) survey, The 
survey is part of a larger Federal/State 
cooperative effort designed to produce 
national, State, and local data on occupa- 
tional employment by industry for nonfarm 
wage and salary workers. Within the pro- 
gram, the Bureau of Labor Statistics (BLS) 
has prirnary responsibility for developing 
survey procedures and providing tech- 
nical guidance. State Employment Secu- 
. riry Agencies implement the survey at State 
and local levels, developing current and 
projected employment statistics for their 
relevant labor markets. BLS conducts sup- 
plemental surveys in noncooperating States 
and aggregates data to provide national 
employrrient estimates. 

In the midseventies, the National Science. 
Foundation (NSF) recognized the potential 
of these data for providing reliable esti- 
mates of the utilization of scientists, engi- 
neers, and technicians by private industry. 
Data observation over time promises to 
provide insight into the dynamics of this 
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labor market as occupational requirements 
respond to variations in growth between 
industries and^he impact of technological 
and othej^£a€*Q£» within industries. Since 
1977,/^SF has provided financial assistance 
to BLS to expand the survey's coverage of 
fc SET occupations and to ensure the devel- 
opment of national estimates by supporting 
data collection in nonparticipating States. 

scope of the survey 

The OES survey is conducted over a 3- 
year cycle: Manufacturing industries are 
surveyed in the first year; mining, con- 
struction, financial, and various service 
industries in the nonmanufacturing sector 
are surveyed in the second; and trade, com- 
munications, transportation, and public 
utilities are surveyed in the third. Data in 
this report were derived from the 1977 
and 1980 surveys of private manufactur- 
ing establishments in Standard Industrial 
Classification (SIC) codes 20 to 39. The 
reference dates of the surveys were the 
weeks that included April 12, May 12, or 
June 12, depending on the SIC of the 
sampled unit. Geographically, both the 
1977 and 1980 surveys covered all 50 States 
plus the District of Columbia. 

• 24 



method of collection 1 

Survey schedules in the OES were mailed 
to personnel offices of most sample estab- 
lishments. Nonrespondents were pursued 
by two additional mailings at 6-week in- 
tervals, after which telephone followups 
were attempted. Companies essential to 
the survey because of their size, as well 
as nonrespondents suspected of biasing 
survey estimates, received personal visits 
by field personnel. 

Each industry being surveyed received 
a separate questionnaire limiting occupa- 
tional detail to primary production activi- 
ties. Abbreviated survey forms, further 
limiting the number of relevant occupa- 
tions, were sent to small establishments to 
reduce reporting burden and encourage 
participation. Detailed occupations appear- 
ing on each questionnaire were grouped 
under broad census headings, each with 
a residual category for work functions not 
explicitly listed on the survey form. Each 



. 'A description of the,OES survey can be found in 
Department of Labor, Bureau of Labor Satisfies, Occu- 
pational Employment Statistics Handbook (Washington, 
D.C.. Supt. of Documents, U.S. Government Printing 
Office, April 1979). 
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respondent was asked to indicate any ot« 
cupations with significant employment 
levels, which had to be enumerated in 
residual categories; surveys in subsequent 
years were updated to include such jobs 
explicitly. ^ . 

limitations on 
analysis 

Data collection methodology in the OES 
survey introduces several analysis prob-, 
lems that should be taken into account 
when interpreting these data. First, the 
OES survey tends to understate require- 
ments in specific occupational fields. This 
occurs because an occupation will only be 
listed explicitly on an industry's question- 
naire if it is judged to be a major job class, 
otherwise, it is enumerated in a residual 
category. Second, this sarne survey charac- 
teristic can be expected to overstate' cross- 
industry differences in staffing patterns, 
the finer the level of detail, the more serious 
the problem. 

The OES survey is dynamic in that it is 
updated to incorporate changes in occu- 
pational staffing. As desirable as such 
revision is for occupational planners, it 
introduces a problem for analysts who 
want to study changes in staffing pat- 
terns over time. Survey changes introduce 
artifical disturbances to estimates tltat do 
not reflect actual industry behavior. Addi- 
tions, deletions, or even changes in job titles 
can affect employment estimates for closely 
related occupations. 2 Thus, large changes 
in employment levels within occupations 
should be interpreted with caution 

occupational and 

industrial 

classification 

The OES survey collects data fdr ap- 
proximately 1,650 occupations The survey 
combines two classification systems- The 
Dictionary of Occupational Titles (DOT) 



3 An analysis of the impact of survey revision can be 
found in Department of Labor. Bureau of Labor Statistics. 
Office of Economic Growth and Employment Projec* 
tions. "Projected Occupational Staffing Patterns of In- 
dustries. OES Technical Paper (Washington. D.C, 
March 1981). \ 



and the 1970 Census of Population. DOT 
is used to develop occupational categories 
and definitions because of the detail in its 
classification scheme. Sunimary categories 
„ and residual groups follow the broader 
categories used in the Census. 

• Industries surveyed were classified ac- 
cording to the 1972 Standard Industrial 
Classification. Reporting establishments 
were categorized on the basis «of major 
product or activity for the previous calendar 
year. 



concepts 

An establishment, such as a factory, is 
the primary sampling unit in the survey. 
In general, it represents a single physical 
location and primarily engages in one type 
of economic activity. When several, distinct 
activities are performed in a single loca- 
tion, each activity is treated as a unique 
establishment depending on whether sepa- 
rate payroll records and other criteria are 
met. 

Employment includes full- and part-time 
workers; workers on paid vacation or other 
types of leave; workers on unpaid short- 
term absences; salaried officers, executives, 
and staff of Unincorporated firms; em- 
ployees temporarily assigned to other 
units; and employees for whom the unit 
is their permanent duty station. Excluded 
from coverage are proprietors (owners 
and partners of unincorporated firms), 
unpaid family workers, and workers on 
extended leave. 

Occupation refers to the occupation in 
which employees are working rather than 
that for which they were trained. Skilled 
personnel are an exception when engaged 
in the sale of science and engineering (S/E) 
equipment, such personnel are categorized 
in terms of their fields of .specialization. 
Categorization as a scientist or engineer 
requires that an individual be working with 
a level of knowledge equivalent to that 
acquired by completion of a 4-year college 
course with a major in that field, regard- 
less of whether a college degree was ever 
obtained. Employees who perform multi- 
ple functions are reported only once, in 
the job that is believed to require the 
highest level of skill. Thus, a technician 
performing engineering tasks would be 
reported as an engineer. Working super- 
visors, who spend more than one-fifth of 
their time doing work similar to that per- 



formed by individuals under their super- 
vision, are classified in the occupation 
most closely related to their work duties. 

sampling 
procedures 

The OES survey is a probability sample 
with a sampling frame based on list&-of 
establishments filing ES-202 forms under 
Stafe Unemployment Insurance systems. 
Because each cooperating State selects its 
own .sample, the reference date of the 
sampling frame vafied according to when 
the last sample frame was updated and tly 
survey was conducted. The reference used 
for sampling in the 11 supplemental States 
for the 1977 survey was the first quarter 
of June 1976; that used for the one sup- 
plemental survey in 1980 was the first 
quarter of 1979. / 

The survey universe is stratified by in- 
dustry and size of establishment unit since 
these characteristics are believed primary 
determinants of occupational staffing pat- 
terns. In total, nine size-classes were repre- 
sented, based on employment levels of 1-3, 
4-9, 10-19, 20-49, 50-99, 100-249, 250-499, 
500-999,, and 1,000 and over. 

state samples 

Reporting units with one to three em- 
ployees were not sampled in all States. In 
such cases, weights for the next largest 
size-class were increased to represent such 
employment. Reporting units with 250 or 
more employees were included in the 
sample with certainty. Samples for non- 
certainty size-classes were developed to 
produce State estimates with target relative 
errors of 7.5 percent at one standard devia- 
tion for the 1977 survey and 10 percent to 
15 percent at one standard deviation for 
the 1980 survey. The latter relative error 
options were provided to States to reduce 
survey costs and could be used either to 
set an overall sample size or sample size 
within a particular Standard Industrial 
Classification. 

The accuracy and efficiency of State 
samples were improved through use of 
State-by-State coefficients of variance 
(CVs) estimated from previous surveys. f 
An optimization procedure, relating total 
cell employment to industry size-classes^ 



was used to allocate the sample to size- 
class employment, The samples were then 
collected systematically with equal proba- 
bility of selection within each State/SIC/ 
size-class. 

national supple- 
mental sample 

• In order to produce national employment 
estimates, BLS surveyed those States that 
chose not to participate in the OES pro- ? 
gram. In 1977, BLS surveyed 11 nonco^ 
operating States; in 1980, thfe number wak 
reduced to one. Sample size for the sup- 
plementaT>States was developed by first 
determining^the sample size requited for 
national estimates in each 2-digit SIC with 
a target relative error at one standard devia- 
tion of 7.5 percent in 1977 and 10 percent 
in 1980. This was accomplished by analy- 
zing CVs and occupational rates for a set 
of occupations from the previous survey. 
Establishments with 1,000 or more em- 
ployees were included in the supplemental 
samples with certainty. This national SIC 
sample size was then allocated to the non- 
cooperaHng State's size-class cells pro- 
portional to employment. 

response # 

In 1977, there were 145,136 final eligible •* 
units in the sample, excluding establish- 
ments determined to be out of business, 
out of scope, etc. Usable responses were 
obtained from 83,814 units, producing an 
overall response rate of 56.7 percent based 
on units and,55'.4 percent based on employ- 
ments 1980, 159,672 final eligible units 
provided usable responses from 111,860 
establishments. The 1980 response rate was 
70.1 percent based on units and 70.6 per- 
cent based on weighted employment 

Subsequent ,to the national estimates, 
additional data were received by States 
and used in preparing State estimates. 
Response rates in most States were sig- 
nificantly higher than the response rate 
used to develop national totals. 

estimation 

A weight was determined for^ach sample 
unit from which a usable response was 
received. Each weight was the product of 



two factors ('IjYhe inverse ofjhe proba- 
bility of selection roughly indicating the, 
number of establishments a survey unit 
represented; and, (2) adjustment for non- 
response resulting from either unreturned 
questionnaires or unusable information. 

For^each of 'the 3-digit SlC/State/size- 
^rlass sampling cells, the nonresponse factor 
was calculated as a ratio: , 

♦ 

Weighted sample employment of 
all eligible units in sample 

Weighted sample employment of 
all responding eligible units 

The. samble employments were taken 
from the sampling frame. If the factor in 
a cell was. greater than a predetermined 
maximum, the cell was collapsed with other 
homogeneous cells within the SIC until 
the factor for the combined cell was not 
greater than the Appropriate maximum 
factor. If the collapsing procedure termi- 
nated before satisfying the constraint (i.e., 
no more cells were available to collapse), 
then the appropriate maximum factor was 
used. For the first six size-classes, homo- 
geneous cells were determined to be other 
sifce cells within the Standard Industrial 
Classification and State. For remaining 
size-classes, homogeneous cells were de- 
termined to be other State cells within the 
Standard Industrial Classification and size- " 
class. 

A combined ratio estimate of occupa- 
"tijrfal employment v^as used to develop 
national estimates using total employment 
as the auxiliary variable. The estimating 
formula is: 3 _ „ 

- -pj 2 k w ijk 

P = 2i M ; ; 

L 2 j 2 k W ijk e ijkJ ' 

where P 1 = 2-digit industry occupa- 
tional employment esti- 
mate, 

i =3-digit industry within a 

2-digit industry, 
j = size-class, 
k = establishment, 



^Computational forms for sampling variants of com- 
bined ratios and occupational estimates can be found 
in National Science Foundation, Employment of Scien- 
tists, Engineers, ond Techn/c/ons in Monu/octur/ng 
Industries, i977 (Detailed Statistical Table*) (NSF 80-306) 
(Washington, D.C.i I960). 



Wijk ~ wei 8ht after nonresponse • 
adjustment in the ith _ 
industry, jth size-class, 
and kth establishment, 

e ijk = tota ' em P'°y men t * n the 
ith industry, jth size- 
' class, and kth establish- 
ment, and, 

Mj population total employ- 
ment in the ith industry, 
obtained from the BLS 
Survey of Employment, 
Hours, and Earnings. 



reliability of 
estimates 

Estimates develdped from a sample may 
differ from a complete survey of all estab- 
lishments because of two types of errors: 
nonsampling and sampling. Nonsampling 
error can be attributed to many sources 
including faulty design of questionnaires, 
failure of respondents to provide accurate 
information, or problems in recording, 
coding, or processing data. More serious 
nonsampling errors result either when a 
chosen sample fails to represent adequately 
the entire population or when nonrespond- 
ing units from a well-designed sample differ 
from survey respondents. Statistical ad- 
justments made for nonresponding units 
in the latter case further exacerbate result- 
ing biases. Careful survey design as well 
as effective checks and controls can elimi- 
nate some of the problems attributable to 
sources of nonsampling error. In general, 
however, the magnitude and nature of these 
biases are unknown. 

The second type of error, sampling error, 
occurs because observations are made on 
a sample, not on the^eritire population. 
Conceptually, this error can be defined as 
the difference between an estimate derived 
from%h*ample and the actual value that 
would be expected if the entire universe 
were surveyed. Because actual population 
values are rarely observed, sampling error 
is approximated by the difference between 
the survey estimate and the average esti- 
mate that would be derived from all^pos- 
sible samples. 

Estimates of a sainple characteristic'and 
its relative error permit construction of 
confidence intervals with a prescribed 
probability that the value from a complete 
coverage survey of all possible samples is 

. 19 



contaiped within it. The complete coverage 
value would be included in the range 

(1) From one standard error below to 
one standard error above the derived 
estimate for 68 percent of all samples. 

(2) From two standard errors below to 
two standard errors above the de- 
rived estimate for 95 percent of all 
samples. 

(3) From three standard Errors below to 



three standard errors above the de- 
rived estimate for nearly all samples. 

Sampling error in this report is expressed 
as relative error or the* ratio of sampling 
error of an occupation to that occupation's 
employment estimate, expressed in per- 
centage terms. As an example to demon- 
strate use of relative errors: Table B-2 
indicates that there are 32,900 chemical 
scientists employed in industries produc- 
ing chemical' products. Table B-5 reports 
a 2.9-percent relative error for that indus- 



try-occupation cell. Thus, the chances are 
t>8 out of 100 that the actual employment 
level would differ from the survey estimate 
in either direction, by 950 (,029 x 32,900); 
there is almost complete certainty that the 
survey estimate differs by no more than 
2,850 (3 x .029 x 2,900) in either directioa 

In this survey as in others, particular 
care" should be exercised ift the interpreta- 
tion of small estimates or small differences 
between estimates when relatively large 
sampling errors are indicated. 
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Table B-1 

Employment of scientists, engineers, and technicians 
In manufacturing Industries by major occupational group: 1980 



Industry 



Total TOtaJ Sclent is ts 

scientists/ sden- 

eng 1 neers/ t 1 sts Mathe- Phy- 

techn 1 c 1 ans ma 1 1 c'a 1 s 1 ca 1 Life Soc 1 a 1 



Total Total 
eng 1 - tech- 
Computer neers nlclans 
analysts Other 



Employment [In thousands] 



Total manuf acturlng. 



Durable goods 

Lumber and wood products 

Furniture and fixtures 

Stone, clay and glass products 

Primary metals 

Fabricated metal products 

Machinery, except electrical.. 

E 1 ect r 1 ca 1 mach 1 ner y . . ; #. 

Transportation equipment \ 

Instruments . . ' 

Miscellaneous manufacturing... 

Nondurable goods 

Food and food products 

Tobacco products 

Textl les 

Apparel 

Paper and allied products 

Printing and publishing 

Chem-lcals , 

Refined petroleum products. , . . 
Rubber and plastic products... 
Leather products 



1.345 


1 


144.7 


7 


6 


65 


4 


1 1 


. 1 


* 1 


.2 


52 


6 


6.7 


606. 1 


5?4 


.3 


1,049 


6 


64.6 


4 


8 


17 


7 


1 


0 


0 


9 


37 


1 


3. 1 


515.3 


469 


.-7 


7 


6 


1.2 


0 


0 


0 


0 


0 


8 


0 


0 


Q 


,3 


0. 1 


1.2 


5 


. 1 


6 


7 


0.5 


0 


0 


0 


0 


0 


.0 


0 


*0 


0 


4 


0.0 


2.6 


3 


6 


20 


8 


■ 2\A 


0 


0 


1 


4 


0 


0 


0 


0 


0 


9 


0.0 


8.8 


9 


.6 


49 


3 


5. 1 


0 


0 


2 


4 


0 


0 


0 


.0 


2 


4 


0.3 


21.9 


22 


.3 


64 


2 


3. 1 


0 


0 


1 


0 


0 


0 


0 


0 


2 


0 


0. 1 


27.5 


33 


6 


272 


1 


12.9 


0 


1 


1 


0 


0 


.0 , 


0 


0 


1 1 


4 


.0.4 


124.6 


134 


5 


299. 


2 


16.3 


1 


5 


3 


2 


0 


0 


b 


2 


10 


4 


1.0 


153. 1 


129 


7 


220. 


8 


16.8 


3 


2 


6 


6 


0 


1- 


0 


7 


6 


2 


0.0 


131 .8 


72 


1 


98. 


6 


5.4 


0 


0 


1 


7 


0 


0 


0 


0 


2 


6 


* 1. 1 


40.3 


52 


8 


10. 


4 


0.9 


0 


0 


0 


4 


0 


0 


0 


0 


0 


5 


0.0 


'3.3 


6 


3 


2£5, 


5 


80. 1 


2 


7 


47 


6 


10 


1 


0 


3 


15 


6 


3.6 < 


90.8 


124 


6 


31. 


7 


10.7 


0 


0 


6 


0 


1 


5 


0 


0 


2 


3 


0.9 


9.0 


12 


0 


2. 


1 


0.5 


0 


0 


0 


3 


0 


0 


0 


0 


0 


2 


0.0 


0.4 


1 


2 


13. 


"ft. 


2.0 


0. 


0 


0 


8 


0 


0 


0. 


0 


i 


1 


0.1 


4.1 


7 


7 


5. 


7 


0.7 


0 


0 


0. 


0 


0 


0 


0 


o 


0. 


6 


0.0 


2.7 


2 


3 


23. 


7 


3.7 


0 


0 


2 


1 


0 


0 


0 


0 


1 . 


0 


0.6 


9,5 


10 


5 


17. 


7 


3. 1 


CV 


5 


0 


3 


0 


0 


0 


2 


2. 


1 


0.0 


2.0 


12 


6 


151. 


9 


5t.4 


2 


1 


32. 


9 


8 


6 


0. 


1 


5. 


9 


1.8 


41.5 


59 


0 


18. 


8 


3.3 


0. 


1 


2 


5 


p 


0 


0. 


0 


0 


7 


0. 1 


9.2 


6 


3 


28. 


4 


4.4 


0. 


1 


2 


7 


0 


0 


0. 


0 


' 1. 


5 


0. 1 


11.8 


12 


2 


1. 


6 


0.2 


0. 


0 


0. 


0 


0 


0 


0. 


0 


0. 


2 


o v o 


0.7 


0 


7 
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Table B-1 r Continued 



Industry 



Total 
sclent ISts/ 
engineers/ 
technicians 



Total 

sclen- 

tlsts 



Sclent Ists 



Mathe- 
mat leal 



Phy- 
sical 



Computer 
t^lfe Social analysts Other 



Total Total 
engl- tech- 
neers nldans, 



Percent distribution 



Total manufacturing. 



Durable goods 

Lumber and wood products. ..... 

Furniture and fixtures 

Stone, clay and glass products 

Primary metals 

Fabricated metal products 

Machinery, except electrical . . 

Electrical machinery 

Transportation equipment / 

Instruments ~ 

Miscellaneous manufacturing... 



Nondurable goods... 

Food and food products 

Tobacco products , .. 

Text 1 les 

Apparel 

Paper and allied products... 

Printing and publishing 

Chemicals • 

Refined petroleum products.. 
Rubber and plastic products. 
Leather products.'. 



100 


0 


100.0 


100 


0 


10O 


0 


100. 


0 


100 


0 


100 


0 


100 


0 


100 


0 


100 


0 


78 


0 


44.6 


63 


8 


27 


1 


8. 


8 


73. 


0 


70 


4 


46 


2 


85 


0 


79 


0 


0 


6 


0.9 


0 


0 


0 


0 


7. 


4 


0 


0 


0 


6 


1 


6 


0 


2 


0 


9 


0 


5 


0.3 


0 


0 


0 


0 


0. 


0 


0. 


0 


0 


8 


0 


0 


0 


4 


0 


6 


1 


5 


1.7 


0 


6 


2 


2 


0 


3 


0 


0 


1 


7 


0 


0 


1 


5 


1 


6 


3 


7 


3.5 


0 


0 


3 


7 


0 


0 


0 


0 


4 


6 


3 


7 


3 


.6 


3 


8 


4 


8 


2.1 


0 


0 


1 


5 


0. 


0 


0 


0 


3 


7 


2 


2 


4 


.5 


5 


T 


20 


2 


8.9 


1 


8 


1 


5 


0. 


0 


0 


0 


21 


6 


- 6 


5 


20 


6 


22 


6 


22 


2 


11.3 


19 


7 


4 


9 


0. 


0 


12. 


9 


19 


7 


15 


3 


25 


.3 


21 


8 


16 


4 


1 1 .6 


41 


8 


10 


1 


1 


1 


60 


2 


• 1 1 


8 


0 


0 


21 


.8 


12 


1 


7 


3 


4 3.7 


0 


0 


2 


6 


0. 


0 


0 


0 




9 


16 


8 


6 


.7 


8 


9 


0 


8 


0.6 


0 


0* 


0 


6 


0. 


0 


0 


0 


0 


9 


0 


0 


0 


,5 


1 


1 


22 


0 


55.4 


36 


2 


72 


9 


91 , 


2 


27 


0 


29 


6 


53 


8 


15 


.0 


21 


0 


2 


4 


7.4 


0 


0 


9 


2 


13 


8 


2 


6 


4 


3 


12 


9 


1 


.5 


2 


0 


0 


2 


0.4 


0 


3 


0 


5 


0^ 


A 


0 


0 


0 


3 


0 


0 


0 


. 1 


0 


2 


1 


0 


1.4 


0 


0 


1 


2 






0 


0' 


2 


2 


1 


6 


0 


.7 


1 


.3 


0 


4 


0.5 


0 


0 


0 


0 


0 


0 


0 


0 


t 


2 


0 


0 


0 


.5 


0 


4 


1 


8 


. 2.6 


0 


0 


3 


2 


0 


0 


0 


0 ■ 


1 


8 


9 


6 


1 


.6 


1 


8 


1 


3 


2.1 


6 


2 


0 


5 


0, 


1 


13 


6 


A 


0 


0 


0 


0 


. 3 


2 


1 


11 


3 


35.5 


27 


4 


50 


3 


77 


0 


10 


8 


1 1 


2 . 


27 


3 


6 


.8 


9 


9 


1 


4 


2.3 


0 


7 


3 


8 


0 


0 


0 


0 


1 


4 


1 


3 


1 


.5 


1 


1 


2 


1 


3.0" 


1 


5 


4 


1 


0 


0 


0 


0 


2 


9 


1 


1 


1 


.9 


2 


1 


0 


1 


0. 1 


0 


0 


0 


0 


0 


0 


0 


Q 


0 


3 


0 


D 


-0 


. 1 


0 


1 



NOTE: Components may not add to totals be6ause of rouhdlng. 
SOURCES: Bureau of Labor Statistics and National Sdencg Foundation 
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Table. B-2 

Employment of Scientists 1n manufacturing Industries 
by detailed occupation: 1980 
[In thousands] 



Natural and mathematical scientists 



Industry 



Total manufacturing 

Durable goods *. '. 

Lumber and wood products.., 

Furniture and fixtures 

' Stone, clay and glass products 

Primary metals 

Fabricated metal products 

Machinery, except electrical.. 

Erect Meal machinery 

Transportation equipment 

Instruments 

Miscellaneous manufacturing... 

Nondurable goods 

Food and food products 

Tobacco products , 

Text 1 les 

Apparel * 

' Paper and allied products 

Printing and publishing 

Chemical s 

Refined petroleum products.... 
Rubber and plastic products... 
Leather products. . 



Total 
sden- 



Total 
natural/ 
mathe- 



Mathe- 
mat 1 ca 1 



Other 



Phy- 
sical 



Other 



1 1sts 


mat 1cal 


sc 1en- 


Mathema- 


Statis- 


mathe- 


sclen- 


Chem- 


Physi- 


phy- 




sclent 1 sts 


1 1sts( 1 ) 


1 1 dans 


ticians 


* mat 1ca 1 


1 1sts_ 


1sts 


cists 


sical 


144.8 


90 


9 


7.6 


2.0 


2.9- 


6.5 


65.4- 


56.9 


3.1 


5.4 


64.6 


26 


7 


4.8 


2.0 


2.5 


0.4 


1 7 . 7 


9.7 


3. 1 


4.9 


1 .2 


0 


9 


o".o 


0.0 


0.0 


'X>.0 


0.0 


0.0 


0.0 


0.0 


0.5 


0 


0 


- 0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


2.4 


1 


5 


0.0 


0.0 


0,0 f 


0.0 


t.4 


. 1.3 


0.0 


0.2 


5. 1 


2 


7 


0.0 


0.0 


o.o ; 


»r 0.0 


2.4 


2.4 


' 0.0 


0.0 


3. 1 


1 


1 


0.0 


0.0 


0.0 


\ 0.0 


1 .0 


0.9 


0. 1 


0.0 


12.9 


1 


6 


0. 1 


0. 1 


0.0 


0.0 


1.0 


1 .0 


0.0 


' 0.0 


f6.3 


5 


8 


1 .5 


0.9 


0.6 


0.0 


3.2 


1 . f 


2. 1 


0.0 


16.8 


9 


9 


3.2 


1.0 


1 .9 


0.4 


6.6 


1 .0 


0.8 


4.8 


5.4 


2 


8 


0.0 


.0.0 


0.0 


0.0 


1 .7 


1.7 


0.0 


0.0 


0.9 


0 


4 


0.0 


0.0 


0.0 


0.0 


0.4 ' 


0.4 


0.0 


0.0 


80. 1 


64 


2 


2.7 


0.0 


0.4 


0. 1 • 


47.6 


47.2 


0.0 


0.4 


10.7 


8 


4 


0.0 


0.0 


0.0 


0.0^ 


6.0 


6.0 


0.0 


0.0 


0.5 


0 


4 


0.0 


0.0 


0.0 


' 0.0 


0.3 


0.3 


0.0 


0, 1 


2.0 


O 


9 


0.0 


0.0 


0.0 


0.0 


0.8 


0.8 


0.0 


0.0 


0.7,. 


0 


1 


0.0 


0.0 


0.0 


o7o 


0.0 


0.0 


0.0 


0.0 


3.7 


2. 


8 


0.0 


0,0 


0.0 


0.0 


I 2.1 


2. 1 


0.0 


0.0 


3. 1 * 


0 


8 


0.5 


0.0 


0.3 


0. 1 


0.3 


0.3 


0.0 


0.0 


51.4 


45. 


4 


a. 1 


0-0 


o.o 4 


0.0 


32.9 


32.9 


0.0 


o.o 


3.3 


2. 


6 


0. 1 


0.0 


0. 1 


0.0 


2.5 


2. 1 


0.0 


0.3 


* 4.4 


2. 


9 


0. 1 


0.0 


0,0 


0.0 


2.7 


2.7 


0.0 


0.0 


0.2 


0. 


0 


0.0 


0.0 


0.0 „ 


0.0 


0.0 


0.0 


; o.o • 


0.0 



J3 



'0 
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Table B-2, Continued 







Natural and 


mathematical 


sclent 1sts 




Total 
















Total 














Other 


social* 


computer 






Life 








natural / 


sden- 


systems 






sden- 


Agr1 - 


B1o- * 


Med- 


mathe- 


1 1sts 


analysts 


Industry 




ttets 


cultural logical 


ical 


mat 1cal 







Total manuf actur 1 ngl 

- Durable goods 

dumber and wood products 

• Furniture and fixtures 

Stone, ctay and glass products* 

Primary metals 

Fabricated metal products. 
Machinery, except electrical.. 

Electr 1 cal mach 1 nery 

Transportation equipment 

Instruments 

Miscellaneous manufacturing... 

Nondurable goods ' 

Food and food products 

Tobacco products. . . . : 

Text 1 les. / 

Apparel 7 

- Paper and allied products 

Printing and publishing 

Chemical s , 

Refined petroleum products. . . . 

Rubber and plastic products... 

Leather products .• 



11. 


1 


1 . 


3 


7 


6 


2 


0 


6 


7 


1.2 


1 . 


0 


0 


8 


0 


0 


0- 


0 


3 


1 


0.9 


0 


8 


0 


8 


0 


0 


0 


0 


0 


1 


0.0 


0 


0 


0. 


0 


0 


0 


0 


0 


0 


0 


- 0.0 


0 


0 


0. 


0 


0 


0 


0 


0 


0. 


0 


0.0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


3 


0.0 


0 


0 


0 


0 


0 


0 


. 0 


0 


0 


r 


0.0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


4 


0.0 


0 


0 


0 


0 


0 


0 


0 


0 


1 


0 


0.2 


0 


1 


0 


0 


0 


0 


0 


0 


0 


0 


0.7 


0 


0 


0 


0 


0 


0 


0 


0 


1 


1 


0.0 


0 


0 


0 


0 


0 


0 


0 


0 


0 

* 


0 


! 0.0 


10 


1 


0 


5 


7 


6 


2 


0 


3 


6 


0.3 


1 


5 


o.. 


0 


1 


5 


o 


0 


0 


9 


0.0 


0 


0 


0. 


0 


0 


o ■ 


0 


0 


0 


0 


0.0 


0 


0 


0 


0 


0 


0 


0 


0 


0, 


1 


0.0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0.0 


0 


0 


0. 


0 


0 


0 


0 


0 


0 


6 


0.0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0.2 


8 


6 


0 


5 




? 


0 


1 


8 


0. 1 


0 


0 


0 


0 


0 


0 


0 


0 


0 


1 


0.0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


1 


0.0 


0 


0 


0 


0 


0 


0 


0 


0 


* 0 


0 


0.0 



52.6 

37. 1 
0.3 
0.4 
0.9 
2.4 
2.0 
11.4 
10.4 
6.2 
2.6 

°4 

15.6, 
2.3 
0.2 
1.1 
0.6 

i.o 

2, 1 
5.9 
0.7 
. 1.5 
0.2 



(1) Mathematical specialties do not sum to total, 
ment of mathematical scientists by subspecialty. 

NOTE: Components may not add to totals because of rounding. 
SOURCES: Bureau of Labor Statistics and National Science Foundation 



Some Industries failed to disaggregate employ- 
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Table B-3 



Percent distribution of scientists by detailed occupation 
within manufacturing Industries: 1980 



Natural and mathematical scientists 



Industry 



Total manufacturing.* 

. Durable goods 

Lumber and wood products 

Furniture and fixtures .... 

Stone, clay and glass products 

Primary metals 

Fabricated metal products 

Machinery, except electrical.. 

Electrical machinery 

Transportation equipment 

Instruments 

Miscellaneous manufacturing... 

Nondurable goods 

Food and food products 

Tobacco products 

Text 1 les 

Apparel 

Paper and allied products 

Printing and publishing 

Chemical s 

Refined petroleum products.... 
Rubber and plastic products... 
Leather products 





Total 




















Total 


natural/ 


Maxne 








Phy- 






Other 


sc 1 en- 


mathe- , 


mat 1 cal 






nthflr 


sical 






1 1 sts 


mat 1cal 


sden- 


Unt Horn A — 


w va v i a 


mMt ho - 


sden- 


Chem - 


Phys 1 - 


Dhv 




scientists 


X 1 STS \ 1 ) 


x i c 1 ans 




mat 4 f*Jt 1 


1 1sts 


Ists 


C 1 sts 


% Ida 1 


1UO . u 


62 


8 


c; o 

9 . « 


4 A 
1 . # 




•O 3 

W « w 


45 


.2 


- 

39. 3 


2. 1 


3.7 


100.0 


41 


3 


7.5 


3.1 


3.8 


0.6 


27 


.4 


15.1 


4-7 


7.6 


100.0 


76 


0 


0.0 


0.0 


0.0 


0?0 


0 


.0 


0.0 


0.0 


0.0, 


100.0 


6 


5 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


o.o 


100.0 


62 


.2 


1.8 


0.0 


0.0 


0.0 


59 


.0 


52.3 


0.0 


6/ 


100.0 


52 


7 


0.0 


0,0 


0.0 


0.0 


47 


.8 


47.8 


0.0 


&.0 


100.0 


36 


6 


0.0 


0.0 


0.0 


, 0.0 


31 


8 


28.9 


2.9 


, 0.0 


100.0 


12 


1 


1 .0 


1.0 


0.0 . 


0.0 


7 


.6 


7.6 


0.0 


0.0 


100.0 


35 


3 


9.2 


5.5 


3.7 


0.0 


19 


.8 


6.8 


13.0 


0.0 


100.0 


58 


8 


18.9 


5.7 


11.1 


2.1 


39 


.2 


5.8 


5.0 


28.3 


100.0 


52 


0 


0.0 


0.0 


0.0 


0.0 


31 


.0 


31.0 


0.0 


0.0 


100.0 


47 


7 


0.0 


0.0 


0.0 


0.0 


45 


7 


45.7 


0.0 


0.0 


100.0 


80 


2 


.3.4 


0.0 


0.5 


0.2 


59 


5 


58.9 


0.0 


0.6 


100.0 


78 


5 


. 0.0 


0.0 


0.0 


0.0 


56 


.2 


"* 56 . 2 


0.0 


0.0 


100.0 


71 


1 


4.7 


0.0 


0*0 


0.0 


61 


.8 


46.9 


' 0.0 


14.9 


100.0 


44 


4 


0.0 


0.0 


0.0 


0.0 


39 


.0 


39.0 


0.0 


0.0 


100.0 


12 


7 


0.0 


0.0 


0.0 


0.0 


0 


0 


0.0 


0.0 


0.0 


100.0 


74 


0 


0.0 


0.0 


0.0 


0.0 


56 


.6 


- 56.6 


0.0 


0.0 


100.0 


26 


6 


15.3 


0.0 




4.1 


10 


.8 


9.4 


0.0 


1.4 


100.0 


88 


3 


4.1 


0.0 


' 0.0 


0.0 


* 64 


0 


64.0 


0.0 


0.0 


100.0 


77 


9 


1-7 


0.0 


1.7 


0.0 


. 73 


7 


64. 1 


0.0 


9.6 


100.0 


65 


6 


2.6 


• 0.0 


0.0 


0.0 


61 


4 


61 .4 


0.0 


0.0 


100.0 


5 


4 


0.0 


0.0 


0.0 


0.0 


0 


0 


0.0 


0.Q 


0.0 



0' 



Table B-3, Continued 



Industry 



Natural and mathematical scientists 



v Life 
sden- 
tlsts 



Agri- 
cultural 



Bio- 
logical 



Med- 
ical 



Other 
natural/ 

mathe- 
mat 1 cal 



Total 
social 
sden- 
tlsts 



Total 
computer 
systems 
analysts 



Total manufacturing 

Durable goods 

Lumber and wood products 

Furniture and fixtures 

Stone, clay and glass products 

Primary metals 

Fabricated metal products 

Machinery, except electrical.. 

j Electrical machinery 

Transportation equipment 

Instruments • • • • 

Miscellaneous manufacturing... 

Nondurable goods ^ . . : 

Food and food products 

Tobacco products 

Text 1 les 

Apparel 

Paper and allied products..... 

Printing and publishing 

Chem 1 ca 1 s 

Refined petroleum products,... 
Rubber and plastic products... 
Leather products 



7 


7 


0 


9 


5 


3 


1 . 


3 


4 


7 


C8 


36 


4 


1 


5 


' 1 


3 


0 


0 


0. 


0 


4 


8 


1 


3 


57 


3 


67 


1 


67 


1 


0 


0 


0 


0 


8 


9 . 


0 


0 


24 


0 


0 


0 


0 


0 


0 


0 


0. 


0 


0 


0 


0 


0 


93 


5 


1 


3 


. 0. 


0 


0 


0 


0 


0 


0 


0 


0 


0 


37 


8 


0 


0 


0 


0 


0 


0 


0 


0 


4 


9 


0 


0 


47 


3 


0 


0 


0 


0 


0 


0 


0. 


0 


4 


8 


0 


0 


63 


4 


0 


0 


0 


0 


0 


0 


0 


0 


3 


4 


0 


0 


87 


9 


0 


0 


0. 


0 


0 




0 


0 


6 


3 


0 


9 


63 


8 


0 


7 


0 


0 * 


0 




0. 


0 


0 


6 


4 


2 


37 


0 


0 


0 


0 


0 


0 


0 


0 


0 


21 


0 


0 


0 


48 


0 


0 


0 


0.0 


0 


0 


0 


0 


0 


0 


0 


0 


52 


3 


12 


6 


0. 


6 


9 


5 


2. 


4 


4 


5 


0 


4 


19 


4 


14 


2 


0 


0 


14 


2 


0 


0 


" *8 


1 


0 


3 


' 21 


2 


4 


7 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


28 


9 


0 


0 


0 


0 


0 


0 


0 


0 


5 


3 


0 


0 


55 


6 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


87 


3 


0 


0 


0 


0 


0 


0 


0. 


0 


17 


4 


0 


0 


26 


0 


0 


5 


0 


0 


0 


0 


0 


0 


0 


0 


5 


2 


68 


2 


16 


7 


0 


9 


1 1 


9 


3 


8 


3 


6 


0 


2 


11 


5 


0 


0 


0 


0 


0 


0 


0 


0 


2.6 


0 


0 


22 


1 


0 


0 


0 


o , . 


0 


0 


O 


0 


1 


6 


0 


0 


34 


4 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


94 


6 



NOTE: Components may not add to totals' because of rounding. 
SOURCES : Bureau of Labor Statistics and Nat ional' Science Foundation 
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Table B-4 

Percent distribution of scientists In manufacturing 
Industries by detailed occupation: 1980 



Industry 



Total 
sclen- 
t Ists 



•Total . 
natural/ 

mathe- 
mat leal 
sclent Ists 



Mathe- 
matical 

sden- 
tlstsO) 



Natural and mathematical scientists 



Mathema- 
1 1 clans 



Statis- 
ticians 



Other 
mathe- 
mat leal 



Phy- 
sical 
sclen- 
tlsts 



Chem- Physi- 



Ists 



cists 



Other 
phy- 
sical 



Total manufacturing 

Durable goods 

Lumber and wood products 

Furniture and fixtures 

Stone, clay and glass products 

Primary metals 

Fabricated metal products 

Machinery, except electrical . . 

Electrical machinery 

Transportation equipment 

Instruments 

Miscellaneous manufacturing... 

Nondurable goods 

Food and food products 

Tobacco products 

Text 1 les ' 

Apparel 

Paper and al 1 led'products ^ 

Printing and publishing " 

\ Chemicals 

/ Refined petroleum products.... 

Rubber-and plastic products... 
- Leather products 



100.0 


100.0 


100.0 


100.0 


100.0 


100.0 


100.0 


100.0 


100.0 


100.0 


44.6 


29.4 


63.8 


100.0 


86.0 


74.3 


■ 27. 1 


17. 1 


100.0 


91.8 


0.9 


1.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0. 


0.0 


0.3 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0,0 


0.0 


0.0 


1.7 


1.7 


0.6 


0.0 


0.0 


0.0 


2.2 


2.2 


0.0 


3.0 


3.5 


2.9 


0.0 


0.0 


0.0 


0.0 


3.7 


4.3, 


0.0 


0.0 


2.1 


1.2 


0.0 


0.0 


0.0 


0.0 


1.5 


1.6 


a. 9 


0.0 


8.9 


1.7 


1.8 


6.7 


0.0 


0.0 


1.5 


1.7 


0.0 


0.0 


11.3 


6.3 


19.7 


45.2 


20.9 


0.0 


4.9 


1.9 


69.6 


0.0 


11.6 


10.9 


4J.8 


48. 1 


65. 1 


74.3 


10. 1 


1.7 


27.4 


88.7 


3.7 


3. 1 


0.0 


0.0 


0.0 


0.0 


2.6 


2.9 


0.0 


0.0 


0.6 


0.5 


0.0 


0*0 


0.0 


0.0 


0.6 


0.7 


b.o 


0.0 


55.4 


70.6 


36.2 


0.0 


'14.0 


25.7 


72.9 


82.^ 


0.0 


8.2 


7.4 


9.3 


o.o: 


0.0 


0.0 


0.0 


9.2 


10.6 


0.0 


0.0 


0.4 


0.4 


0.3 


0.0 


0.0 


0.0 


0.5 


0.4 


0.0 


1.5 


1.4 


1.0 


0.0 


0.0 


0.0 , 


0.0 


1.2 


1.4 


0.0 


0.0 


0.5 


0. 1 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0,0 


2.6 


3.0 ' 


0.0 


0.0 


0.0 


o;o 


3.2 


3.7 


0.0 


0.0 


2.1 


0.9 


6.2 


0.0 


12.0 


25.7 


0.5 


0.5 


0.0 


0.8 


35.5 - 


•• 49.9 


1 27.4 


0.0 


0.0 


0.0 


50.3 


57.7 


0.0 


0.0 " 


2.3 


2.9 


0.7 


0.0 


2..0 


0.0 ' 


3.8 


3.8 


0.0 


5.9 . 


3.0 


3.2 


1.5 


0.0 


0.0. 


0.0 


4. 1 


4.7 . 


0.0 


.o.o 


0. 1 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


0.0 


* 0.0 




Table B-4, Continued 



Natural and mathematical scientists * 

w Total Total 

s % Other social computer 

j_lf e natural/ scien- systems 

scien- Agr1- Bio- Med- mathe- , tists analysts 

Industry * tists cultural logical ical matlcal 

Total manufacturing. . 100 0 100 0 100 0 100 -° 100 0 ° 1p< \ 0 ' 

Durable goods 8.8 63.3 0.0 0.0 46.2 73.0 70.4 

Lumber and wood products 7.4 63.3 0.0 O/O 1.6 0.0 0,6 

Furniture and fixtures \. 0.0 O.O . 0.0 0.0 0.0 0.0 0.8 

Stone, clayand glass products 0.3 ■ 0.0 0.0. 0.0 0.0 0.0 1.7 

. Primary metals...: 0.0 0.0 0.0 0.0 3.7 O.Q 4.6 

Fabricated metal products 0.0 0.0 0.0 0.0 2,2 0.0 3.7 

Machinery, except -electrical-. 0.0 0.0 0.0 0.0 6.5, 0.0 21.6 

Electrical machinery....." 0.0 0.0 0.0 0.0 15.3 12.9 9.7 

Transportation eqlilpment 1.1 0.0 0.0 0.0 0.0 .60.2 11.8 

Instruments 0.0 0.0 0.0 « 0.0 16.8 0.0 4.9 

Miscellaneous manufacturing... 0.0 0.0 0.0 0.0 0.0 0.0 0.9 

Nondurable goods 91<.2 36.7 100.0 .100.0 53.8. 27.0 W 29.6 

Food and food products.. 13.8 0.0 -20.0 0/0 .12.9 2.6 4.3 

Tobacco products! 0.2 0.0 O.O .0.0 0.0 0.0 0.3 

Textiles , i •••• 0.0 0.0 0.0 0.0 16 0.0 2.2 

IZlllV - 0 0 0.0 0.0 OvO 0.0 0.0 . 1.2 

^ " Paper andaliiedproducts::::. -0.0 0.0 0.0 0.0 9.6 0.0 1.8 

Refined petrpl eum 'products.. .. - 0.0 0.0 0.0 0.0 .3 0.0 1.4 

Rubber and plastic products'.... .0.0 0.0 0.0 ^ ^ 0.0 2,-9 

Leather products 1 0.0, 0.0 0.0 0.0 ^-Oft.0 0.0 0 3 



NOTE • Components may not add to totals because "of rounding. 
SOURCES: Bureau of Labor Statistics and National Science Foundation 
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Table B-5 

Relative error as percent,of employment of scientists 
In manufacturing Industries: 1980 



Total 



Natural and mathematical scientists 









natura 1 / 
























Total 


v'mathe- 


Kathe- 






* 


Phy- 










• 


sclen- 


mat leal 


mat leal 






Other 


sical 








Other 




tlsts(l) 


sclen- 


sclen- 


MatHema- 


Stat 1s- 


ma the - 


sclen- 


Chem- 


Physl - 


phy- 


Industry 






t1sts( 1) 


1 1 s.ts( 1 ) 


t l£lan§ 


ticlans 


* mat leal 


tlstsO) 


ists 


cists 


sical 












































» 


— m m 












_ _ 








I- 






... 


... 








f* 






«. — _ 


_ _ _ 




10 


.2 


10 


. 1 


(2) 


\2) 


(2) 


(2) 


(2) 


> (2) 


(2) , 


' (2) 




11 


.0 


(2) 


(«2) 


(2) 


(2) 


(2) 


(2) 


(2) 


(2) 


(2) 


Stone, clay and glass products 


11 


.5 


11 


.5 


>32.8 * 


(2) 


(2) 


<2> 


11 


. 1 


8 


.5 


- m 


31.3 




5 


.2 


5 


.2 


■ (2) 


(2) 


(2) 


(2) 


4 


.3 


4 


.3 


(2) 


(2) 




7 


.6 


12 


.0 


(2) 


(2) 


(2) 


(2) 


11 


,«5 


9 


.7 


30.3 


(2) 


Machinery, except electrical.. 


12 


.5 


21 


4 


20.4 


(2) 


(2) 


- (2) 


18 


.8 


18 


.8 


(2) 


(2) 




17 


0 


24 


2 


25.0 


. 31. 1 


15. 9 


(2) 


18 


.2 


8 


.5 


23.3 


(2) 




28 


. 1 " 


35 


.4 


23.3 


39.2 


16.9 


14.2 


41 


.0 


15 


.0 


57.6 


43.4 




9 


8 


10 


1 


(2) 


i * (2) 


(2) 


(2) 


7 


.8 


7 


.8 


(2) 


(2) 


Miscellaneous manufacturing... 


6 


6 


7 


4 


(2) 


(2) - 


(2) 


(2) 


7 


.4 


7 


.4 


(2) 


(2) 


































7 


0 


6 


2 


(2) 


(2) 


(2) 


(3) 


* 5 


.2 


5 


.2 


(2) - 


(2) 




24 


9 


27 


0 


25.2 


(2T 


(2) 


02) 


27*4 


21 


.9 


(2) 


44.7 




8 


6 . 


7. 


9 


(2), 


(2) 


v, (2) 


(2) 


5 


.9 


5 


.9 


(2) 


(2) 




11 


9 


25 


8 


25.8 


(2) * 


* (2) 


(2) 


(2) 


(2) 


(2) 


(2) 




12 


9 


14. 


7 


(2) 


(2) 


(2) 


(2). 


12 


.5 


, 12 


.5 


(2) 


<<2) 




10. 


8 


20. 


9 ■ 


15.9 


> . (2) 


• 11.9 


27.0 


28 


.9 


26 


.8 


(2) 


43.2 




5 


2 s 


5. 


0 


9.3 


* (2) 


(2) 


(2) 


2 


.9 


2 


.9 


(2) 


(2) 


Refined petroleum products. . . . 


17 


2 


15. 


0 


27. 1 


' (2) 


27. 1 . 


(2) 


>H 


2 


10 


.3 


(2) 


40.3 


Rubber and plastic products... 


24. 


8 


21. 


9 


22.4 


(2) 


(2) 


(2) 


21 


4 


21 


.4 


(2) 


(2) 




13. 


3 


20. 


0 


20.0 


(2) 


C2) 


(2) 


(2) 


. (2) 


(2) 


(2) 



Table B-5< Continued 



Natural and. mathematical sdlentlsts 



Industry 



Life 
sden- 
t1sts(1) 



Agr1- 
cul tural 



Bio- 
logical 



\ 

Med- 
ical 



Other 
natural/ 

mathe- 
mat 1ca\ 




Total manufacturing 

* Durable goods 

Lumber and wood products 

Furniture and fixtures 

Stone, clay and glass products 

Primary metals : 

Fabricated metal products 

Machinery, except electrical.. 

Electrical machinery 

Transportation equipment 

Instruments 

Ml seel laneous manufacturing. . 

Nondurable goods 

Food and food products 

Tobacco products 

Textl les. ; 

Apparel' . 

Paper and al lied" products 

PriKtlng and publishing 

Cjfemlcals 

/5ef1ned petroleum products.... 
Rubber and plastic .products. . . 
Leather products 



7.3 
(2) 
(2) 
(2) 
(2) 
(2) 
(2) 
50.2 
(2) 
(2) 



5.8 
24.7 
(2) 
(2) 
(2) 
(2) 
9.4 
(*) 
'(2) 
(2) 











7.3 


(2) 


(2) 


30.8 


(2) 


(2) 


(2) 


(2) 


(2) 


(2) 


(2) 


(2) 


(2) 


(2) 


(2) 


14.2 


(2) 


(2) 


(2) 


14.9 


(2) * 


(2) 


(2) 


27.7 


(2) 


(2) 


(2)- 


41.6 


(2) 


(2) 


(2) 


(2) 


(2) 


(2) 


(2) 


13.6 


(2) 


(2) 


(2) 


(2) 











(2) 
(2) 
(2) 
(2) 
(2) 
(2) 
31.7 
43.9 
(2). 
(2) 



10.7 
11.8 
11.6 
5.2 
5. 1 
11.2 
12.9 
14.6 
9.3 
5.8 



(2) 


' 5.8 


(2) 


14.2 


37.5 


9.6 


(2) 


(2) 


(2) 


(2*) 


(2) 


19.6 


(2) 


(2) 


(2) 


22.4 


' (2) 


9.2 


(2) 


(2) 


(2) 


(2) ' 


(2) 


9.9 


(2) 


(2) 


(2) 


21.8 


(2) 


7.9 


(2) 

1ST 4 


(2) 


(2) 


(2) 


27.7 


5.6 


7.4 


13.8 


17.4 


25.6 


6.4 


(2) 


(2) 


(2) 


30.6 


. (2) 


. 24.8 


(2) 


(2) 


(2) 


38.4 


(2) 


30.4 


(2) 


C2) 


(2) 


(2) 


(2) 


13.0 



(ir~ReUtwrerr^ fields are approximated by weighting relative errors for subspecialties 

(2) Estimated employment 1n this Industry-occupation cell was zero. 

SOURCES: Bureau of Labor Statistics and National Science Foundation 
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Table B-6 

Employment of engineers in manufacturing Industries 
by detailed occupation: 1980 
[In thousands] 



Total 





eng1 - 


Aero- 






EledtMcal/ 


I ndus- 


Industry 


neers 


naut 1 cal 


Chem 1 ca 1 


CI vi 1 ' 


e 1 ectron 1 c 


tr 1a! 


Total manufacturing 


606.4 


34. 4 


34. 1 


7.7 


^ 160.0 


123.4 




515.3 


34.4 


6.8 




154.5 


106.7 




1.2 


0.0 


0.0 




0.0 


0.5 


Furniture and fixtures 


2.6 


0.0 


0.0 


a.o , 


0.0 


i.4 


Stone, clay and glass products * 


8.8 


0.0 


0.5 


a. 6 


0.5 


2.2 


Primary metals 


21.9 


0.0 


0.7 


0.9 


2.5 


,4.7 


Fabricated metal products 


27.4 


0.0 


0.3 


1.5 


1.5 


8.4 


Machinery, except electrical.. 


124.6 


0.0 


1. 1 


1.6 


34.2 


32.3 




153. 1 


, 0.0 


2.2 


0.0 


82.6 


28.3 


Transportation equipment 


131 .8 


-34. 4 


1 .0 


1.7 


14.3 


21.8 


Instruments * 


40.3 


0.0 


1.0 


0.0 


18.8 * 


5.9 


Miscellaneous manufacturing... 


3.3 


0.0 


0.0 - 


0.0 


0.0 


1.3 


Nondurable goods. . . 


90.8 


^ 0.0 


27.3 


1.5 


5.4 


16.7 




9.0 


J o.o 


0.6 


0.0 


0.0 


2.5 




0.4 


0.0 


■ 0.0 


0.0 


0.0 * 


0.1 




4. 1 


0.0 


0.0 


0.0 


0.0 


2, /I 




2.7 


0.0 


- 0.0 


0.0 


0.0 


2.0 


Paper and allied products 


9.5 


0.0 


1.9 


0.0 


0.9 


1.5 


printing and publishing 


2.0 


0.0 


• 0. 1 


0.0 


* 0.3 „ • 


- 0.9 




41.5 


0.0 


19. 1 


1.0 


3'.0 


4.0 


Refined petroleum products.... 


9.2 


0.0 


3.7 


0.5 


0.4 


0.5 


« Rubber, and plastic products... 


' 11.8 


0.0 


2.0 


0.0 


0.8 


2.6 




0.7 


0.0 


0.0 


0.0 


0.0 


0.4 


»* 

4 * 










I 
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Table B-6, Continued 



Mech- Metal- Petro- 

Industry an leal 1 org leal leum Safety Other 





126.6 


8.9 


0.5 


2.9 


107.6 


• 


102. 1 


8.9 


0.0 


0.9 


94.7 


Lumber and wood products 


0.3 


0.0 


0.0 L 


0.0 


0.4 




0.6* 


0.0 


o.o y 


0.0 


0.6 


Stone, clay and glass products 


2,3 


0.0 


0.0 ; 


0.0 


2.7 




4.9 


4.4 


0.0 


0.9 


2,9 




11.7 


0,8 


0.0 


0.0 


3.2 


Machinery, except electrical.. 


36.6 


1.5 


0.0 


0.0 


17.3 




18-. 7 


0.7 


o.<i 


0.0 


20.7 


Transportation equipment 


19.6 


1.5 . 


0.0 


0.0 


37.7 


Instruments 


6.0 


0.0 


0.0 


0.0 


8.6 


Miscellaneous manufacturing. % . 


1 .4 


0.0 


0.0 


0.0 


0.6 




24.5 . 


0.0 


0.5 


2.0 


* 12,9 




4.5 


0,0 


0.0 


0.0 


1.3 




-0.2 


0.0 


0.0 


0.0 


0. 1 




1.2 


0.0 


0.0 


0.0 


0.8 




-0.4 


0.0 


0.0 


0.0 


0.3 




2.8 


0.0 


0.0 


0.0 


. . 2.4 




0.5 


• 0.0 


0.0 


0.0 


0.2 




8.6 


0.0 


0.0 


1.6 


4.2 


Refined petroleum products.... 


2.3 


0.0 


0.5 


0.4 


0.9 


Rubber and p 1 ast 1 c products . 


3,9 


o.o- 


0.0 


0.0 


2.6 




i 0,2 


0.0 


0.0 


0.0 


0. 1 



NOTE: Components may not add to totals because of rounding, 
SOURCES^ Bureau of Labor Statistics and National Science Foundation 
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^ Table B-7 

Percent distribution of engineers by detailed occupation 

within manufacturing industries: 1980 « 

Total 

engi- Aero- Electrical/ t Indus- 
Industry ' # neers nautical Chemical Civil electronic trial 

" 7 v """"71 

Total manufacturfng 100.0 5.7 5.6 1.3 26.4 20.4 

.Durable goods' 100,0 6.7 1.3 1.2 30.0 20.7 

Lumber and wood products. .:. 100.0 0.0 O.O^ 0.0 " 0.0 38.2 

Furniture and fixtures 100.0 0.0 0.0 0.0 0.0 53.4 

Stone, clay and glass products 100.0 0.0 5.1 6.9 6.1 25.0 

Primary metals 100.0 " 0.0 3.2 4.1 11.6 21.2 

Fabricated metal products 100.0 0.0 1.2 5,5 5.5 30.5 

Machinery, except electrical.. 100.0 0.0 0.9 1.3 27.5 25.9 

Electrical machinery 100.0 0.0 1.4 0.0 54.0 18.5 

Transportation equipment 100.0* 26.1 0.8 1.3 10.8 1$.5 

Instruments... , 100.6 0.0. 2.5 0.0 46.7 14.6 

Mlscel laneous manufacturing. . . 100.0 0.0 0.0 - 0.0 ^ 0.0 40.0 

Nondurable goods 100.0 0.0 30.1 f.6 6.0 18.4 

Food and food products ' 100.0 . 0.0- 7.0 0.0 ~ 0.0 ^ 27.8 

Tobacco products 100.0 0.0 0.0 0.0 0.0 * 28.0 

Textiles , 100.0 O.O 0.0 0.0 0.0 51.3 

Apparel :\ 100.0 y 0.0 0.0. 0.0 0.0 75.0 

Paper and al 1 led products 100.0 0.0 19.6 0.0 9.9, . * 15.6 

Printing and publishing 100.0 * 0.0 5.2 0.0 15.2 ; ■ 44. 7r 

Chemicals • - 100.0 0.0 45.9 2.5 7.2 9.6 

Refined petroleum prqducts. .. . 100.0 0.0 40.5 5.0 4.8 5.6 

Rubber and plastic products. . . 100.0 0.0 16.7 0.0 .6.7 21.8 

Leather products 100.0 '0.0 0.0 0.0 0.0 G7r5 



Table 8-7, Continued 



Mech- 



Metal- 



Petro- 



Otfier 
eng 1 - 



Industry 



Total manufacturing 

Our able goods 

Lumber and wood products 

• Furniture and fixtures 

Stone, clay and glass products 

Primary metals 

Fabricated metal products 

Machinery, except el^ctr leal. . 
> Electrical machinery 

Transportation equipment 

•Instruments. . . 

Miscellaneous manufacturing... 

Nondurab 1 e goods * . . : 

Food and food products' 

TobBeco products : : 

Textiles. . -7-.- • 

Apparel :\ 

Paper and a,1 1 Itfd products,'. . . . 
Printing and publishing..,.*..; 

Chemical s — 

" Refined petroleum products. . 
Rubber and plastic producf 
Leather products. 



>'roducj^5 . . . 



an f ca 1 


1 urn i nil 1 


1 eum 


Safety 


neers 


nr\ Q 


' ' 1 5 


0. 1 


0. 5 


17.8 


19.8 


1.7 


0.0 


0.2 


18.4 


27.5 


♦0.0 


0.0 . 


0.0 


34.3 


24.4 


0.0' 


0.0 


0.0 


22. 1 


•26.6 


0..0 


0.0 


0.0 


30.4 


2 2. 2* 


20. 1 


0.0 


4, 1 


13.4 


42.6 


2. 9 


0.0 


0.0 


11.8 


„ 29.4 


1.2 


0.0 


0.0 


13.9 


f2.2 


0/5 


0;0 


o.o 


13.5 


14.8 


1.2 


0.0 


p-o 


28.6 


15.0 


0.0 


0.0 


0.0 


21.2 


.41.3 


0.0 


0.0 


.0.0 


18.7 


27.0 


0.0 


0/5 


2.2 


14.2 


- 50.2 8 - 


<r- 0.0 


0..0 


0.0 


15.0 


50.5 


0.0 


0.0 . 


0.0 


21.4 


28.5 


0.0 


0.0 


0.0 


20.2 


13.8 


0.0 


0.0 


0.0 


11.2 


29.7/ * 


0.0 


0.0 


• 0.0 


25. 1 


24.9- 


9-0 . . 


0.0 


0\0 


10.0 


.20.8 * * 


0.0 ' J. 


< 0.0 


3.9 


• 10.2 


25.2 . . 


. 0.0 ** - 


5. 1 


4. "3 


9.5 


32(7 


a.o * 


0..0 - 


0.0 


22. 1 


23>0 


0.0 


0.0 


0.0 


r . 9.5 



NOTE: Components may not add to totals because Of rounding^ , # 
SOURCES: ' Bureau of Labor statistics and National Sclencd "Foundation 



Table B-8 

1 

Percent distribution of engineers In manufacturing 
Industries by detailed occupation: 1980 



Total . 
engi- Aero-^ Electrical/ Indus- 

Industry neers nautical Chemical Civil electronic * trial 



Total manufacturing 

t 

Durable goods. . * . . v 

Lumber and wood, products 

Furniture and fixtures 

Stone, clay and glass products 

Primary metal s 

Fabricated metal products 

Machinery, except electrical.. 

Electrical machinery.., 

Transportat i'on equ 1 pment . . . r . . 

A , Instruments 

Mlscel laneous manufacturing.... 

v , Nondurable goods 

Food and food products 

Tobacco products, 

. Textiles- • 

Apparel 

Paper and al 1 ted products. .... 

Printing and publishing 

Chemicals * 

Refined petroleum products.... 
Rubber and plastic products... 
Leather products * 



100.0 


100 


0 




too 


0 


85.0 


100 


0 




19 


9 


,0.2 


0 


0 




0 


0 


0.4 , 


0 


0 




0 


0 


1.5 


0 


0 




1 


3 


3.-6 


0 


0 




2 


0 


4.5 


0 


0 




1 


0 


20.6 


0 


0 




3 


2 


25.3 


0 


0 




6 


3, 


21.8 


100 


0 




3 


0 


6.7 


0 


0 




3 


0 - 


0.5 


,0 


0 




0 


0 


15. 0 


0 


0 




80 


1 


1.5 


0 


0 




1 


8 


0. 1 


„ 0 


0 




0 


0 


0.7 


" 0 


0 ' 




0 


0 


0.5 


,< o 


0 




0 


0 




0 


0 




5 


4 


0.3 


0 


0 




0 


3 


6.8 > 


0 


0 




55 


9 


<1.5 


0 


0* 




10 


9 


1 .9 


0 


0 




5 


8 


0, 1 


0 


0 




0 


0 



100.0" , 


too.o 


100.0 


80.9 


96.6 


86.5 


0.0 


0.0 


0.4 


0.0 


0.0 


1. 1 


7.9* 


0.3 


1.8 


11.7 


1 .6 


3.8 


19.5 


0.9 


6.8 


20.3 


21.4 / 


26.2 


0.0 


51.6 


23.0 


21.5 


8.9 


17.6 


0.0 


11.8 


.4.8 


Q.o 


0.0 


1. 1 


19. 1 


3.4 


13.5 


0.0 


o.q. 


2.0 


0*0 


0.0 


0. 1 


0.0 


0.0 


1.7 


0.0 


0.6 


'1.7 


0.0 


0.6 


1.2 


0.0 


0.2 


0.7 


13.3 


1.9 


3.2 


5.9 ♦ 


0.3 


0.4 


0.0 


0.5 


2. 1 


0.0 


0.0 


0.4 



Table B-8, Contlgyed 

Mech- Metal-" Petro- 

Indutftry anlcal lurglcal "leum Safety Other 

Total, manufacturing :.. 100.0 100.0 100.0 100.0 100.0 

Durable goods 80.6 100.0 '0.0 31.2 88.0 

Lumber and wood products 0.3 0.0 0.0 0.0 Q.4 

Furniture and fixtures 0.5 ,0.0 0.0 0.0 0.5 ✓ 

Stone, clay and glass products 1.9 0.0 ■ 0.0 0.0 2.5 

Primary metals 3.8 49.3 0.0 31.2 2.7 

-s Fabricated metal products 9.2 8.9 0.0 0.0 3.0 

Machinery, except electrical . . 28.9 16.9 0.0 0.0 6.1 

/ Electrical machinery 14.8 7.9 tf.O 0.0 19.2 

Transportation equipment 15.4 17.0 0.0 0.0 35.0 

Instruments 4.8 0.0 0.0 0.0 *.0 

Miscellaneous manufacturing. . . 1.1 0.0 0.0 O.O u.o 

Nondurable goods 19.4 0.0 100.0 68.8 12.0 

Food and food products 3.6 0.0 0.0 0.0 1.2 

Tobacco products 0.1 0.0 0.0 0.0 0.1 

' Textiles r 0.9 0.0 0.0 0.0 0.7 

Apparel 0.3 ' 0.0 0.0 0.0 0.3 

Paper and allied products 2.2 0.0 0.0 0.0 .2.2 

Printing and publishing....... 0.4 0.0 0.0 0.0 0.2 

Chemicals 6.8 0.0 0.0 55.2 3.9 

Refined petroleum products. ... % 1.8 0.0 100.0 13.6 0,8 

Rubber and plastic products. . . 3 0 0,0 °? H n i 

Leather products O.M 0.0 0.0 0.0 0.1 

-v ' 

NOTE: Components may not add to totals because of rounding. 
SOURCES: Bureau of Labor Statistics and National Science Foundation 
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Table B-9 



Relative error as percent of employment of engineers 
In manufacturing Industries: 1980 



__ w ^ 

Total SNs - 
engi- Kero- Electrical/ Indus- 

Industry neersO) nautical Chemical Civil electronic , trial 



Total manufacturing 

Durable goods * 

Lumber and wood products 

Furniture and fixtures 

Stone, clay and glass products 

Primary metals 

Fabricated metal products 

Machinery, except electrical.. 

♦Electrical machinery.. 

Transportation equipment 

Instruments 

Miscellaneous manufacturing... 

Nondurable goods. 

Food and food products ........ 

Tobacco products. . . . ; 

Text 1 les 

Apparel 

Paper and allied products 

Printing and publishing 

Chem 1 ca 1 s 

Refined petroleum products.... 
Rubber and plastic products. . . 
Leather products 



6.4 (2) (2) 

6.7 (2) (2) • 

11.0 (2) 11.0 

5.4 (2) 6.4 

5.7 (2) 8.7 
4.6 (2) 10.3 

6.4 02) 15,4 
9.3 7.5 26.1' 

9.8 .(2) 11.6 

6.5 (2) (2) 

5.1 (2) 10.0 

16\ 1 (2) (2) 

4.3 (2) (2)r 

5.3 (2) 4 (2) 

11.9 (2) 6.1 

13.0 (2) 21.9 

5.3 ! (2) 3.9 

12.9 (2) ' 10.9 

13.2 (2) 24.4 

7.0 (2) (2) - 



(2) (2) 6.4 

(2) (2) 5.3 

7.7 8.7 7.3 

10.6 * 6.7 ' "3.8 

8.9 8.9 » i 3.0 

11.2 1.1 5.8 

(2) 2.4 " 9.3 

21.4 18.2 9.9 

(2) 7.9 11.0 

(2) (2) 5.8'* 



(2) (2) 3.7 

(21 (2) 17.0 

(27 (2) 3.0" 

,(2) (2) 2.8 

(2) 6.6 ' 3.5 

(2) 13.7 11.3 

9.2 7.4 5.5 

• 16.2 11. 9* < 19.5 

• (2) 15.9 *» 5.4 

(2) (2) 5.8 



0 

Table B-9, Continue^ 



Industry 



Mech- 
anical 



Metal- 
lurgical 



Petro- 
leum 



Safety 



Other 
eng1 - v 
neers 



6.0 


(2) 


(5) 


(2) 


6.7 


8.1 


(2) 


(2) 


(2) 


8.6 


9.7 


(2) 


(2) 


(2). 


16.5 


4.6 


4.4 


- (2) 


4.7 


B.\ 


3.4 


7.9 


(2) 


(2) 


16.7 


3.3 


7.2 


(2) 


(2) 


'10.6 


7.4 


11.6 


x (2) 


(2) 


16.3 


8.7 


15.5 


(2) 


(2) 


6.5 


6.0 


(2) 


(2) 


(2) 


15.4 


5.5 


(2) 


(2) 


(2) 


10. 1 













Total > manuf actur 1 ng 

Durab 1 e goods . . . ; 

Lumber and wood products t 

Furniture and fixtures *• 

Stone, clay and glass products 

Primary metals 

Fabricated metal products 

Machinery, except electrical.. 

Electrical machinery 

Transportation equipment 

Instruments , 

Miscellaneous manufacturing. . . 

Nondurabl e goods s 

Food and food products 

I Tobacco products 

Text 1 les. . .' 

Apparel 

Paper and allied products 

Printing and publ 1sh1ng 

Chemicals 

Refined petroleum products 

Rubber and plastic products:. . 
Leather products.,. 

(1) Relative errors for total engineers are approximated by weighting relative errors 
of subspecialties. 

(2) Estimated employment 1n this Industry-occupation cell was zero. 
SOURCES: Bureau of Labor Statistics and National Science Foundation^ 



3 


8 


(2) 


(2) 


(2) 


to. 1 


15 


6 


(2) 


(2) 


(2) 


15.9 


4 


4 


(2) 


(2) 


(2) . 


» 7.8 


8 


8 


(2) 


(2) 


(2) 


17.7 


4 


8 


(2) 


(2) 


(2) 


32. 1 


10 


9 


(2) 


(2) 


(2) 


19.8 


5 


7 


(2) 


(2), 


3.6 


9.2 


.11 


2 


(2,) 


24. 1 


12.0 


15.0 


14 


2 


(2) 


(2) 


tt) 


10.3 


9 


7 


(2) 


(2) 


(2) 


9.3 



r.o. 



Table B-10 



Employment of technicians 1n manufacturing 
Industries by detailed occupation: 1980 
[In thousands] 











Engineering technicians 




Tota l 




i oxa i 










tech- 


Total 


eng 1 - 




Electa leal/ 






nic 1 ans 


sc 1 ence 


neer 1 ng 


Draf- 


Mech- 


I ndust ry 








ters 


el ect ron 1 c 


anical 


-> • 






JOS . U 


119.7 • 


135.9 


34.6 




469. 7 


19.3 


352 . 4 


106. 1 


131.4 


. 34.6 




5. 1 


2^0 


1.9 


1.7 


0.0 


0.0 


Furniture and fixtures 


.3.6 


0.0 


2.5 


2.0 


0.0 


0.0 


Stone, clay and glass products 


9.6 


1.8 


5.6 


2.7 


0.7 


.0.6 




„ 22.3 


4.3 


13.7 


3.7 


2.2 


0.8 




33.6 


1.5 


27. 1 


18.8 


1.5 


2.3 


Mach 1 nery f except e 1 ect r 1 ca 1 . . 


134.5 


* 2. 1 


98.3 


35.8 


33.3 


9.0 




129.7 


2.6 


107.4 


19,8 


62.0 


8.3 




72. 1 


' 1.7 


55.3 J 


12.8 


12.2 


- 10.8 




52.8 . 


2.7 


36.5 


7.2 


18.2 


2.7 


Miscellaneous manufacturing... 


6.3 


0.4 


4.1 


1.7 




0.0 




124.6 


52. 1 


36.6 


13.6 > 


4.5 


0.0 




12.0 


5.3 


2.2 


0.9 


0.0 


0.0 




1.2 


0.3 


0.6 


0. 1 


0.2 


0.0 




7.7 


4.4 


1.1 


0.0 


0.0 , 


0.0 




2.3 


0.3 


0.8 


0.0 


0.0 


, 0.0 




10.5 


2.7 


2.6 


1>.1 


0.0 


0.0 




12.6 


0. 1 


7.4 


5.4 


1.6 


0.0 




59.0 


34.3 


13.5 


3.5 


2.4 


o.o 


Refined petroleum products.... 


6.3' 


2.0 


2.8 


0.8 


0.3 


0.0 


Rubber and plastic products... 


12.2 . 


2\9 


5.4 


1.7 


0.0 


0.0 




0.7 


0.0 


0.3 


o.o 


o.cr 


0.0 
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Table B-10, Continued 



^ Engineering technicians Tota^ Total 

< computer other 

Other * pro- tech- 
Tool pro- Indus- eng1- grammers nldans 
Industry grammers trial neer 1 ng 

Total manufacturing ,10. 0 17.9 68.6 72.7 61.3 

\ Durable goods 10.0 16.4 53.8 ' 57.2 40.8 

i Lumber and. wood products 0.0 X>.0 - 0.3 0.4 0.7 

Furniture and fixtures 0.0 0.0 0.5 0.8 «0.2 

Stone, clay and glass products. 0.0 0.4 1.1 0-8 1.3 

Primary metals ' 0.4 1.8 4.8 /2.0 2.4 

Fabricated metal products 1.1 0.0 3.4 2.7 2.3 

Machinery, except electrical . . 4.4 5.7 10.1 28.5 5.7 

Electrical machinery 1.3 . 3.3 12.7 12.8 6.8 

Transportation equipment 2.1 4.0 13,3 5.5. 9.6 

Instruments 0.5 1.2 6.7 2.9 10.6 

Mlscel laneous manufacturing. 0.2 0.0 0.8 0.7 1.0 

V Nondurable goods 0.0 1.5 14.8 15.5 20.4 

/?Sod and food products 0.0' 0.0 1.3 2.1 2.5 

' Tobacco products 0.0 0.0 0.3 0.1 0.2 

Textiles 0.0 0.0 0.0 . 1.0 1-.3 

Apparel 0.0 0.0 0.0 ♦ 1.0 0.2 

Paper and allied products 0.0 0.0 1.5 1.0 4.3 

Printing and publishing 0.0 0.0 0.3 4.2 0.9 

Chemicals * 0.0 0.8 6.8 4.1 7.? 

Refined petroleum products 0.0 0.0 1.8 0.4 1.1 

Rubber and plastic products. . . 0.0 0.8 2.9 1.4 2.6 

Leather products 0.0 , 0.0 0.0 0.3 0..1 



NOTE: Components may not add to totals because of rounding. 
SOURCES: Bureau of. Labor Statistics and National Science Foundation 
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Table B- 1 1 



\ 



Percent distribution of technicians by detailed occupation 
within manufacturing Industries: 1980 













Engineering technicians 








Total » 


Total 










tech- 


Total ' eng1 - 


Oraf- Vjec^rlcal/ Mech- 




* 




nicians 


science . neerlng 




Industry 








ters electronic anlcal 



Total manufacturing. 



Durable goods 

Lumber arid wood products 

Furniture and fixtures 

Stone, clay and glass, products 

Primary metals 

Fabricated metal products..... 
Machinery, except electrical.. 

Electrical machinery 

Transportation equipment 

Instruments 

Miscellaneous manufacturing. . . 

Nondurable goods 

Food and food products. 
Tobacco products. . . . 

Text 1 les 

Apparel 

Paper and a VI led products, 

Printing and publishing 

Chemicals : 

'Refined petroleum products...** 
Rubber and plastic products... 
Leather products *. 



100.0 


12 


.6 


.65/5 


20 


1 


22. $ 


109.0 


4 


. 1 


75.0 


22 




28.0 


100.0 


39 


.9 


37.9 


' 32 


6 f 


0.0 


100.0 


0 


,9 


70.2 


55 


7 


0.0 


100. p 


19 


.0 


58. 1 


28 


6 


7.3 


100.0 


19 


.2 


61.2 


16 


6 


9.8 


100.0 


4 


.5 


8Q.6 


55 


9 


4.4 


100.0 


1 


.6 ' 


73. 1 


26 


6 


24.8 


100.0 


2 


.0 


82.-6 


15 


3 


47.8 


100.0 


2 


.4 


76.7 


17 


8 


16.9 


100.0 


5 


. 2 


69. 1 


13 


6 


34.4 


100.0 


6 


.5 


64.9 


26 


9 


21.9 


100.^/ 


41 


.'8 ' 


<2&K4 


10 


9 


3.6 


100 


43 


.8 


18. 1 


7 


7 


0.0 


100.0^ 


25 


.9 ' 


52.2 


10 


6 


18.9 


100.0 


56 


.5 


13.9 


0 


.0 


* j^.o 


100.0 


11 


.2 


34.7 


0 


0 1 


0,0 


100.0 


25 


.4 


24.5 


10 


5 


0.0 


100.0 


0 


.8 


58.3 


43 


1 * 


12.6 


100.0 


58 


• 1 ^ 


22.8 


5 


9 


4. 1 


100.0 


31 


.0 gj£ 


45.2 


12 


4 


4^5 


100.0 * 


23 


.4 


44.3 


14 


3 


0.0 


100.0 


5,3 


41.3 


0 


0 


0.0 



5.8 

7.4 

'0.0 
0.0- 
6.8 
3.5 
6. .7 
6.7 
6.4 

1£.0 
5. 1 
0.0 

0.0 
0.0 
0.0 
0.0 
' 0.0 
0.0 
0..0 
0.0 
0.0 
0.0 
0.0 
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Table B-11, Continued 







Engineering technicians 


Total 
computer 

pro- 
grammers 


Total 
other 
tech- 
nicians 


Industry 


• 


Tool pro- 
-grammers 


Indus- 
trial 


Other 
engi- 
neering 






1.7 


3.0 


11.5 


12.2 ' 


10.3 



Durable goods 

Lumber and wood products 

Furniture and fixtures. . . . o . . . 
Stone, clay and glass products 

Primary metals 

Fabricated metal products 

Machinery, except electrical.. 

EJ:«ctr1cai machinery. 

Transportation equipment 

Instruments 

Mlscel laneous manufacturing. . . 

Nondurable ODods. 

Food and food products. 
Tobacco products. 
Tex,t 1 1 es 
Apparel' 

Paper ana* allied products... 

Printing and publishing 

Chemicals 

Refined petroleum products.. 
Rubber and plastic products. 
Leather products 



2.1 
0.0 
0.0 
6.0 
1.7 



0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

o.o 

0.0 
0.0 
0.0 



3.5 
0.0 
0.0 
4.4 
8.2 
0.0 
4.2 



1.2 
0.0 
0.0 
0.0 
0.0 
0 
.0 
1 .3 
0.0 
6.3 
0.0 



11.5 
5.3 
14.5 
11.1 

21 :a 

10.2 
7.fe 
9.8 
18.5 
12.8 
1*.S 

11.9 
10.5 
22.7 

0.0 

0.0 
14.0 

2.6 
11.5 
28.3 
23.8 

0.0 



12.2 
7.6 

22'. 1 
8.9 
8.8 
8.2 

21 . r 

9.9 
7.6 
5.6 
1 1.9 

12'.4 
17.6 

5.2 
12.4 
44.0 

9.6 
33.7 

6.9 

6.0 
11.3 
37.4 



8 
*14 

6 



14.0 



10 
6 
4 
5 

13 



20. 1 
16.7 



16 
20 
16 
17 
10 
40 
?,3 
12.2 
17.9 
20.9 
16. 1 



NOTE': Components may not add to totals because of rounding. 
SOURCES: Bureau of Labor Statistics and , National Science Foundation 



Table B-12 



Percent distribution of technicians 1n . 
manufacturing Industries by detailed occupat1on:> 1980 



















Engineering 


technicians 




Total 






Total 














tech- 


Total 


eng 


- 














nicians 


science 


neer 


ng 


Draf- 


Electrical/ 


Mech- 


T nHt 1 m ♦ r» \/ 

inoua xry 














ters 


electronic 


anical 


T <-» + « 1 ms rM if >^lnn Inn t 


100. 


0 


100 


:o 


100 


0 


100. 


0 


100 


0 


100.0 




79. 


0 


27 


.0 


90. 


6 


88. 


6 


96 


7 


100.0 




0. 


9 


2 


.8 


0- 


5 


1. 


4 


0 


.0 * 


0.0 




0. 


6 


0 


.0 


0. 


1 


1. 


7 


0 


0 


0.0 


• Stone, clay and glass products 


1 . 


6 


2 


.5 


1. 


4 


2. 


3 


0 


5 J 


4 *.9 




3, 


8 


6 


.0 


3. 


5 


3. 


1 


1 


6 


2.3 




5. 


7 


2 


. 1 


7. 


0 


15. 


r l 


1 


1 


6.5 


Machinery, except electrical.. 


22.. 


6 « 


3 


.0 


25. 


3 


29. 


9, 


24 


5- 


26. 1 




21.. 


8 


3 


.7 


27. 


6 


16. 


5, 


45 


e 


24. 1 




12. 


1 


2 


.4 


14. 


2 


10. 


7 


9 


0 


31.3 




8. 


9 


3 


.8 


9. 


4 


6. 


0 


13 


4 - 


7.8 


Ml seel laneous manufacturing. 


1. 


1 


0 


.6 


1. 


0 




4 


1 


0 


0.0 




21. 


0 


73 


.0 


9. 


4 


11. 


4 


3. 


3 


0.0 


Food and food products 


2. 


0 


7 


.4 


0. 


6 


0. 


8 


0 


0 


0.0 




0. 


2 


0 


.4 


p 0. 


2 


0. 


.1 


0. 


2 


0.0 




1 . 


3 


6 


. 1 


0. 


3 


0. 


0 


0 


0 


0.0 


0. 


4 


0 


.4 


p. 


2 


0. 


0 


0. 


0 


0.0 




1. 


8 


'3 


7 


0. 


7 


0. 


9 


0. 


0 


0.0 




2. 


1 


0 


1 


1 . 


9 ■ 


4. 


5 


1 . 


2 


0.0 




9. 


9 


48 


0 


3, 


5 


2. 




1. 


8 


0.0 


Ref l.ned petroleum products. . . . 


1. 


1 


2 


7 


0. 


7 


0. 


7 


0. 


2 


0.0 


Rubber and plastic products... 


2. 


♦1 


4 


0 


1 . 


4 


1. 


5 


0. 


0 


0.0 




0. 


1 


0 


1 


0. 


1 


0. 


0 


0. 


0 


0.0 



Table 8-12, Continued 



Engineering technicians 

- Total Total 

Other computer * " other 
Tool pro- Indus- . eng1- % , 'pro 1 " tech* 
Industry grammers trial neerlng grammers * nldans 





too.'o 


100.0 


4 /v\ /\ 

ipo .\> 


i oo o 

1 W . V/ 


100-.0 • 


Durable goods 

Lumber arid wood products.*. . . . . 

Stone, clay and glass products 

Machinery, except electrical.. 
Transportation equipment. #.\ . . 
Miscellaneous manufacturing... 


100.0 

0.0 

0.0 

0.0 

3.9 
11.2* 
44.0 , 
13. 1 " 
21.0 

5.2 - 

1.6 


91.4 , 

0..0 

0.0 

2.3 
10.2 

31 .iT 

T8.4 

n. 1 

6.7 
0.0 


78.4 
* 0.4\ 
0.* ' 
1.5 
7.0 
5.0 
14.8 
18.5 
- 19.4 
'9.8 
1.2 ! „ 


-78.7" 
'0.5 
• 1 . 1 
1.2 

" 3.8 

; 39. 1 

* 17. 7 
'7.5. 
4.0 

1 ro 


^6.7 

1- 2 
0.4 

2- 2 
- 3.9 
* 3.7 v 

9.3 
11.2 
, 15.7' 
17.4 
1.7 


Printing and publishing ' 

Refined petroleum products 

Rubber* and plastic products. . . 


' 0.0 
0.0 

4 o.<5' 
o.o- 

0.0 
0.0 

o.o 

. 0.0 
0.0 
0.0 
0.0 


' 8.6 . 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
4.3- 
0.0 
4.3" 
0.0. 


21.6 
1 .8 
0.4 
0-0 
0.0 
2. 1 
0.5 
9.9 
2.6 
4.2 
0.0 


21.3 
2.9 4 
0. 1 
1 .3 
1.4 
, V.4 
5.8 
s 5.6 

0.5 

1 .9 
0.4 


33.3 
4.0 

o:3 

2:2 . 
0-.4 
7.0 
1.5 
11.8 
1.8 
4.2 
0.2 



NOTE: Components may not add to totals because of rounding. 
SOURCES: Bureau of Labor Statistics and National Science Foundat 



Table B-13 • • 

Relative error as percent of employment of technicians 
In manufacturing Industries: 1980 



Engineering technicians 

Total Total Total - ' 

tech- science engl- 
1 nicians(l) neerlng(l) Draf^ Electrical/ Mech- 

Industry < ters electronic anlcal 



Total manufacturing 



Durab 1 e. gopds • : : . 

Lumber and wood products ,6.6 

Furniture and "fixtures 7.4. - 

Stone, clay and glass products f ^10.5 , 
Primary ntetal s. ....... *, . \ - 6.6. 

Fabricated met3l products^..:, " 4.9 

Machinery, except, el ectr leal . . -7.1** 

fleet r leal machinery 8.1 

transportation equipment 19.7 

Instruments..'......." *.*.... 7.8 

-Mi seel 1 aaeous^manuf actur 1 r\g. . . 7.0 • 

Nondurable gotids,. « . . 

Food and* food products..' 6.9. 

Tobacco^ products. t . . 25 . 5 

Texti les. . ; 4.3 

Apparel , " 2.0 * # 

Paper 'and at fled products, ..... 13. 1 

Printing and publishing." 6.8 

Chemicals * *. 7.7 

Refined petroleum products.-. . . • 16.5 
Rubber and plastic products... - 16.1 
Leather products*. 1.3 



7.8 


5.0 


4.5 


(2) 


(2) 


3.4.1 


5.5 * 


" 4.6 


(2) 


(2) 


+2.9* 


10.3 




; 11.8 


21.9 




6.8 . 


* 3r6 • 


9.5 


8.T 


'15.7 


4.0 


2. 6 


8.6 


7.3 


12/8 - - 


-5.2 


2i4- 


5.8 


8.0 


13.0 


6.7 


4.2 . 


* 5. 1 


"8.3 


20.4 


■19.0 


14. 1 


24.8 


20.6 


11.1 


7.-7 


3.8 


• 7. 1 


7.3- 


11.0 


6.8 


* 7.7 


9.2 


(2) 


7.6 


.7.0 ■ 


6.0 


' (2) 


(2) 


'25.6- 


26.2 


17.5 


. 18.3 


(2) 


5.0 - 


&.5 


(2) 


V (2) 


(2) 


18.0 


7.8 


(2) 


(2), 


. (2) 


20.8 


1&.5 


9. 1 


(2) 


(2) 


40 r 1' 


-6.7 


5.9 


6.8 


(2). 


7\ 8" 


7.9 


10.4 


8.3 


(2) 


12.6 


17.9 


10.0 


18.5 


(2) 


9.5 


14.1 


7.9 


(2) 


(2) 


31.5 


26.0 


(2) 


(2) 


(2) 



I) J 



Table B-13, Continued 



Engineering technicians 



Industry 



Tool pro- 
grammers 



Indus- 
trial 



Other 
eng1 - 
neer 1ng 



Total 
computer 
pro- * 
gframmers 



Total 
other 
tech- 
nicians 



Total manufacturing. 



Durable goods 

Lumber and wood products, 

Furniture and fixtures 

Stone, clay and glass products 

Primary metals....' 

Fabricated metal products..... 
Machinery, except electrical.. 

Electrical machinery 

Transportation equipment 4 

Instruments 

Miscellaneous manufacturing... 

Nondurable goods 

Food and food products $ 

Tobacco products. . . f 

Text 1 les 

Apparel < 

Paper and allied products 

Printing and publishing 

Chemical s > 

Refined petroleum products. . . . 
•« Rubber and plastic products... 

Leather products 



— 





* 






m — — 














(2) 


(2) 


8. 1 


. 9 


2 


' 5.7 


(2) 


(2) 


10.5 


8 


3 


16.9 


(2) 


13. 1 


15.6 


5 


5 


11 .6 


12.4 


6.8 


7.3 


5 


1 


• 8.0 


4.9 


(2) 


7.0 


4 


4 


10.8 


4. 1 


6.5 


10.0 


12 


9 


10.4 


7.6 


9.6 


17.0 ' ' ' 


13 


2 


17.4 


• 18.7 ' 


21.7 


16.5 


12 


3 


27.6 


J*8.3 ' 


14. 1 


12.7 


6 


3 


7.6 


12.6 


8.8 

i 


(2) ' 


6 


2 


6.7 


(2) ' 


(2) 


7.7 


4 


2 


7.8 


(2) 


(2) 


36.9 


1 1 


5 


27.5 


(2) 


(2) 


(2) 4 


6 


0 


9.6 


(2) 


(2) 


(2) 


6 


7 . 


16.0 


(2) 


(2) 


11.7 


5 


4 


11.8 


(2) 


(2) 


20.9 


5 


.3 


1 1.0 


(2) 


10.8 


6.2 


5 


4 


8.3 


(2) 


(2) 


21.2 


17 


.4 


19.6 


(2) 


14.3 


8.8 


20 


5 


25.4 


(2) 


(2) 


(2) 


1 1 


.4 


17. 1 



(1) Relative errors for aggregated fields are approximated by weighting relative 
errors of subspecialties. .* 

(2) Estimated employment 1rr this Industry-occupation cell was zero. 

SOURCES: Bureau of Labor Statistics and National Science Foundation 
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Table B-14 

Concentration ratios of scientists, engineers', and technicians 
In manufacturing Industries: 1980 





Total 








* 




sclent ists/ v 


Total 










engineers/ 


scientists/ 








Industry 


technicians 


engineers 


Scientists 


Eng 1 neers. 


• Technicians 



Total manufacturing i ^ 

Durable goods 

Lumber and wood products 

Furniture and fixtures 

Stone, clay and glass products 

Primary metals 

Fabricated metal products 

Machinery, except electrical.. 

Electrical machinery 

Transportation equipment , 

Instruments 

Miscellaneous manufacturing. . . 

Nondurab 1 e goods . . • 

Food and food products 

Tobacco products • 

. Textiles 

Apparel . . 

Paper a'hd allied products 

Printing and publishing 

Chemical;? * '. 

Ref 1 ned petrol eum products.... 
Rubber and plastic products... 
Leather products 

NOTE: A concentration ratio relates the propor 

each industry to that Industry's proportion of total manufacturing employment. 

C(1)»[(S(1)/S)/(E(1)/E)J, 

where C(l), S( 1 ) and E(1) represent the concentration ratio, the number of scientists, engineers, and/or tech- 
nicians and total employment In Industry 1, respectively. The letter, S.. represents the .total number of 
scientists, engineers, and/or technicians In manufacturing Industries, E represents total manufacturing employment. 

SOURCE: National $dence Foundation 



1 .0 


1 


0 




to. 


* 1.0 




1.0 


1.3 


1 


3 




0.7 


1.4 


# 


1.3 


0.2 


0. 


1 




0.3 


0. 1 




0.3 


0.2 


0. 


2 




0. 1 


0.2 




0.3 


0.5 


Q. 


5 




0.5 


0.4 




0.5 


0.6 


0. 


6 




0.6 


0.6 




0.6 


0.6 


0. 


5 




0.3 


0.6 




0.7 


1 .6 


1 . 


5 




0.7 


1.7 




1 .8 


2.2 


a. 


2 




- 1.1 


2.5 




i.i 


1 .8 


2. 


2 




1.3 


2.4 




1.3 


2.1 


i . 


7 




' 1.1 


1.9 




2.5 


0.4 


0. 


3 




0.3 


S. 3 




0.5 


0.5 


0. 


6 




-1.4 ' 


V 

0.4 




0.5 


0.3 


0. 


3 




0.9 


0.2 




0.2 


0.5 


0. 


4 




1.2 


0.2 




0.7 


0.2 


0. 


2 




0.3 


0.2 




0.3 


0. 1 


0. 


1 




0. 1 


0. 1 




0. 1 


0.5 


0. 


5 




0.7 


0.5 




0.5 


0.2 


0. 


1 




0.3 


0. 1 • 




0.3 


2.0 


2. 


2 




6.4 


*1.2 




1 .8 


1.4 


1.7 




2.3 


1.5 




1 . 1 


0.6 


0. 


6 




0.9 


0.6 




0.6 


0. 1 


0. 


1 




0. 1 


0. 1 




0. 1 



t lo£ 



of scientists, engineers, and/or technicians employed 1n 

More formally. 




? 



Table B-15 



Growth of total, science, engineer 1ng f ^and 
technician employment In manufacturing Industries: 
[In thousands] 



1977-80 



Total employment 



Industry 



1977 



1980 



Percent 
change 



Scientists 

Percent 
1977 ■ 1'980 change 



Total manufacturing..: 

Durable goods 

Lumber and wood products 

Furniture and fixtures 

Stone, clay and glass products 

Primary metals 

Fabricated metal products 

Machinery, except electrical.. 

Electr 1cal machinery 

Transportation equipment 

Instruments 

Miscellaneous manufacturing... 

Nondurable goods. 

Food and food products 

Tobacco products 

Textl les 

Apparel 

Paper and allied products 

Printing and publ 1sh1ng 

Chemicals 

Refined petroleum products.... 
Rubber and plastic products... 
Leather products.:. 



19.721 . 


V 


'20.228. 


3 


2. 


6 


121 . 


9 


144 


7 


18.7 




8 


12. 107. 


8 


4. 


2 


47. 


7 


64 


6 


35.5 


714. 


4 


" 657 


3 


-8. 


0 


1 . 


2 


1 


2 


"2.7 


462 


7 


455 


9 


-1. 


5 


0 


3 


0 


5 


59.0 


670 


9 


665 


7 , 


-0. 


8 


2 


1 


2 


'4 


15.3 


1 , 180 


9 


1 .205 


2 


2 


1 


4 


1 


5 


1 


24.0 


1.568 


6 


1 .580 


0 


-0 


5 


3 


5 


3 


1 


-11.8 


2. 174 


1 


2.497 


4 


14 


9 


9 


8 


12 


9 


31.9 


1 .882 


7 


2.079 


7 


10 


5 


10 


7 


16 


3 


52.3 


1 .889 


4 


1 .835 


1 


-2 


9 


10 


9 


16 


8 


54.3 


618 


9 


709,8 


14 


7 


4 


6 


5 


4 


. 17.7 


439 


2 


421 


9 


-4 


0 


0 


5 


0 


9 


73.2 


8.099 


6 


8. 120 


6 


0 


3 


74 


2 


80 


1 


8.0 


1 .710 


9 


1 .694 


9 


-0 


9 


6 


2 


10 


.7 


73.2 


70 


9 


63 


6 


-10 


4 


1 


0 


■ 0 


.5 


-46.3 


913 


7 


* 870 


9 


-A 


7 


1 


9 


2 


.0 


7.4 


1.318 


7 


1 .271 


4 


-3 


6 


0 


4 


0 


.7 


85.5 


666 


1 


698 


9 


1 


9 


2 


6 


3 


.7 


43.6 


1 .132 


9 


1 .254 


.3 


10 


7 


2 


.3 


3 


. 1 


33.3 


1 .082 


.0 


1.116 


.8 


3 


2 


50 


.4 


51 


.4 


1.9 


202 


.8 


• 202 


.7 


-0 


, 1 


6 


4 


3 


.3 


-47.9 


721 


5 


711 


.0 


* -1 


.5 


2 


.6 


4 


.4 


69. 1 


260 


.0 


236 


.3 . 


-9 


. 1 


0 


.2 


0 


.2 


-7.5 



Table B-15. Continued 



- - r 

Engineers Technicians 

— 

Percent Percent 
Industry ' 1977 1980 change 1977 1980 change 





506 


0 


606 


. 1 


19 


.8 


494 


.2 


594 


.3 


20 


3 




429 


8 


515 


3 


19 


9 


384 


.6 


469 


.7 


22 


1 




1 


5 


1 


.2 


-17 


.4 


6 


.0 


5 


. 1- 


-15 


3 




2 


2 


2 


6 


18 


.5 


3 


.2 


3 


.6 


12 


8 


Stone, clay and glass products 


6 


7 


8 


8 


31 


.9 


8 


.;0 


' 9 


.6 


• 19 


6 




19. 


> 


21 


9 


10 


.7 


19 


.7 


22 


.3 


13 


3 




28, 




27 


5 


-4 


4 


33 


.4 


33 


.6 


0 


7 


Machinery, except electrical.. 


95, 


7 


124 


6 


30 


2 


116 


1 


134 


.5 


15 


9 




127, 


6 


153 


1 


20 


0 


102 


3 


129 


.7 


26 


8 


Transportation equipment 


111. 


1 


131 


8 


. 18 


7 


56 


8 


72 


, 1 


! 26 


9 




34, 


3 


40 


i 


17 


6 


36 


4 


52 


.8 


45 


2 


Miscellaneous manufacturing... 


2. 


2 


3 


3 


49 


0 


2 


6 


6 


,3 


141 


1 




76. 


2 


' 90, 


8 


19 


2 


109 


6 


124 


.6 


13 


7 




3. 


5 


9. 


0 


156 


5 


12 


4 


12 


.0 


-3 


2 




0. 


6 


0. 


4 


-39 


3 


1 


8 


1 


.2 


-31, 


8 




4. 


2 


4. 


1 


-1 


9 


7 


8 


7 


.7 


-0 


7 




2. 


8 


2. 


7 


-2 


4 


1 . 


9 


2 


.3 


18. 


9 




6. 


7 


9. 




41. 


2 


5. 


6 


10 


.5 


87. 


6 




1?5 


2. 


0 


34 


3 


5, 


3 


12 


6 


138. 


1 




37. 


4 


41. 


5 


1 1 . 


0 


54. 


7 


59 


.0 


7. 


9 


Refined petroleum products. . . . 


10. 


3 


9. 


2 


-11. 


1 


8. 


2 


6 


3 


-43. 


2 


Rubber and plastic products... 


8. 


8 


11. 


8 


34. 


1 


1 1 . 


5 


12 


2 


6. 


1 




0. 


5 


0. 


7 


32. 


8 


0. 


4 


0 


7 


80. 


5 



SOURCES: Bureau of Labor Statistics and National Science Foundation 



Table B-1 6-^Efftct of industry growth on employment change of 
scientist*, engineers, and technicians: 1977*80 



Industry 



Total manufacturing 

Durable goods ; 

Lumber and wood products . • 

Furniture and fixtures 

Stone, clay, and glass 

products 

Primary metals 

Fabricated metal products . . . 
Machinery, except electrical . 

Electrical machinery 

Transportation equipment ..• 

Instruments 

Miscellaneous manufacturing 

Nondurable goods 

Food and food products .... 

Tobacco products 

Textiles ..' 

Apparel . : 

Paper and allied products . . . 

Printing and publishing 

Chemicals 

Refined petroleum products . 
Rubber and plastic products 
Leather products 



Direc- 


Scientists 


Engineers 


1 


rechniciar 


is 


tion 
of total • 
Industry, 
employ- 
ment 
change 


Actual 
employ- 
ment 
change 1 


Esti- 
mated 
employ- 
ment 
change 


Percent 
of change 
explained 
by industry 

growth 2 


Actual 
employ- 
ment 
change 1 


Esti- 
mated 
employ- 
mem 
change 


Percent 
of change 
explained 
by industry 

growth 2 


Actual 
employ- 
ment 
change 1 


Esti- 
mated 

pmnlnu. 

ment 
change 


Percent 
of change 
explained 
by industry 

growth 2 


+ 


22.8 


3.5 


. 15.3 


99.9 


30.1 


30.1 


100.3: 


32.9 


32.6 


+ 


16.9 


2.6 


11.8 


85.5 


18.0 


21.0 


85.4 


31.2 


36.5 




.0 
.2 


-1.0 
-.0 


(3) 
■ (3) 


-.3 
.4 


-,1 
-.0 


33.3 
(3) 


-.9 
f 4 


-.5 
-.0 


55.6 
(3) 


+ 

+ 
+ 

' + 


-.3 
1.0 
-.4 
3.1 
5.6 
5.9 
N .8 
.4 


-.0 

.1 

-.0 
1.5 
1.1 
-.3 
.7. 
-.0 


(3) 
10.0 

4.6 
48.4 
20.0 

(3) 
87.5 

(3) 


2.1 
2.1 
-1.2 
28.9 
25.5 
20.7 
* 6.0 
1.1 


-.1 
.4 
-.2 
14.2 
13.3 
-3.2 
-5.0 
-.01 


[3f 
19.0 
16.7 
49.1 
, 52.1 
. (3) 
83.3 
(3) 


1.6 
2.6 
.2 
18.4 
27.7 
15.3 
16.4 
3.7 


-.1 
.4 
-0.2 
17.3 
10.7 
-1.6 

5.3- 
-0.1 


(3) 
15.4 
(3) 

OA O 

38.6 
(3) 

32.3 
(3) 


+ 


5.9 


1.5 


25.4 


14.6 


.9 


6.2 


'14.91 


1.5 


10.1 


+ *s 

+ 
+ 


4.5 
-.5 

.1 

.3 
1.1 

.7 
1.0 
-3.1 
1.8 

.0 


-.1 
-.1 
-.1 
-.0 
.0 
.2 
1.6 
-.0 
-.0 
-.0 


(3) 
20.0 
(3) 
(3) 
4.3 
28.5 
160.0 
.1 
(3) 
(4) 


5.5 
-.2 
-.1 
-.1 

.5' 
4.1 
-1.1 
3.0 

.2 


-.0 
-.1 
-.2 
-.1 
.1 
0.2 
1.2 
-.0 
-.1 
-.1 


(3) 
50.0 
200.0 
100.0 
3.6 
40.0 
29.3 
.0 
(3) 
(3) 


-.4 
-.6 
-.1 
.4 
'4.9 
7.3 
4.3 
-1.9 
.7 
.3 


-.1 
-.2 
-.4 
-.1 
1 

.6 
1.8 
-.0 
-.2 
-.0 


25.0 
33.3 
400.0 
(3) 
2.0 
8.2 
41.9 
^0 
(3) 
(3) 



•All employment changes ere reported In thousshds > 4 • » 

- Percent chenge expielned by .ndustry growth It dirivid by dividing estimated by ectu.l employment change. 
>Est»meted'chenge is negative es • result Of declining Industry employment: ectuel SET growth wis positive 
.'Actuei chenge In employment Is close to zero; this steUstlc cennot be celculeted 
Source' Netlonei Science Foundation / 

1 
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other science resources publications 



Science Resources Studies Highlights 

NSF No. Price 



NSF No. Price 



R&D Funds 

"Significant Increase Expected in Industrial 
R&D Performance of Federal R&D 
Programs in FY 1963" . 

' Growth »n Federal Basic Research Support in 
1980-83 Moves at Slower Rate than in 
Previous Four Years " ■ v 

'Companies Plan R&D Expenditure Increases 
for 1983 Growth Rate Down / 

Defense Leads R&D Growth in FY 1983- 
. Energy and Natural Resources and 
Environment Fall Sharply' 

Universrties Spent 6% of Separately Budgeted 
R&D Expenditures for Research Equipment 
in 1980 * ... 

National R&D Expenditures Expected to 
Reach S85 Billion in 1983' . 

S/E Personnel 

'Growth in Employment of Science and 
Engineering Doctorates Continues, Led by 

- Computer Scientists ' 

* Science/Engineering Doctorate Production 
Increases in 1981, More New Doctorates 
Seek Nonacademic Positions 

Employment of Recent Science and 
Engineering (S/E) Graduates. in S/E 

- Fields Increased"* 

Academic Science/Engineering Employment 
Increased 3% Between 1980 and 1981 



Detailed Statistical Tables 
R&D Fuqds 

Federal Funds for Research and Development, 

Fiscal Years 1981, 1982, and 19&3. 

Volume XXXI . . . * - - 

Research and Development in Industry, 1980. 

Funds, 1980, Scientists and Engineers. 

January 1981 . 

Academic Science R&D Funds, Fiscal Year 
1980 , : 



S/E. Personnel 

Characteristics of Doctoral Scientists and 
Engineers in the United States 1981 . 

o 



82-329 

82-325 
82-324 

82-322 

82-316 
82-311 



82-328 

82-323 

82-320 
82-312 



V 



82-326 



82-317 



62-300 



82-332 



U.S* Scientists and Engineers: 1980 . v ...... 

Characteristics of Recent Science/Engineering 
Graduates: 1980 

Academic Science: Scientists and Engineers, 
January 1981 ■ 

Academic Science: Graduate Enrollment and 
Support, Fall 1980 

Federal Scientific and Technical Personnel: 
1976, 1977, and 1978 . 



Reports 

. \ ■ 

R&D Funds \ 

Federal Funds for Research and Development, 
Fiscal Years 1980, 1981, and 1982, \ 
' Volume XXX • • • • . v 

1990 R&D Funding Projections .. .... \ 

Federal Support to l/niversities, Colleges, and 
Selected Nonprofit Institutions, 
Fiscal Year 1980 



82-314" 
82-313 
82-305 
81-330 
,81-309 



S/E Personnel 

Science and Engineering Degrees: 1950-80. 
A Source Book . - % 

Women and Minorities in Science and 

Engineering 

Activities of Science and Engineering Faculty 
in Unrversities and 4-Year Colleges, 1978/79 

Young and Senior Science and Engineering • 
Faculty, 1980 

Foreign Participation in U.S. Science and 
' Engineering Higher Education and 

Labor Markets .... 



Science and Engineering Employment 1970-80 . . 

The Stock of Science and Engineering Master's 
Degree-Holders in the United States 



Composite 

National Patterns of Science and Technology 
■"Resources, 1982 



Science and Engineering Personnel 

A National Overview 

Academic Science. 1972-81 R&D Funds, 
Scientists and Engineers, Graduate 
Enrollment and Support 



82-321 
82-315 



82-308 



Problems of Small, High-Technology Firms 81-305 



£2-307 
82-302 
81-323 
81-319 

81-316 
81-310 

81-302 



82-319 
82-318 

81-326 



$4.75 
$3.50 

$6.50 



$5.00 
$7.00 



$4.50 
$2.75 



$5,00 
$5 00 
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